CLAIMS: 



10 



1 . A method of treating a coal formation in situ, comprising: 

providing heat from one or more heat sources to least one portion of the 
formation; 

allowing the heat to transfer from the one or j^iore heat sources to a selected 
section of the formation; 

controlling the heat from the one or moreyheat sources such that an average 
temperature within at least a majority of the selected section of the formation is less than 
about 375 °C; and 

producing a mixture from the formation. 



03 



! 15 



2. The method of claim 1 , wherein tne one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some coal within the selected section of the formation. 



m 

#< 20 

O 



3. The method of claim 1, wherein controlling formation conditions comprises 
maintaining a temperature within/the selected section within a pyrolysis temperature 
range. 



4. The method of claim j. whereii/ tHe 
heaters. 




more heat sources comprise electrical 



5. The method of cla/m 1 , wherein the one or more heat sources comprise surface 
25 burners. 

6. The method oyclaim 1 . wherein the one or more heat sources comprise flameless 
distributed combustors. 

30 7. The method of claim 1 , wherein the one or more heat sources comprise natural 
distributed combustors. 
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8. The method of claim 1 . further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. / 

9. The method of claim 1 , further comprising controlling a pressure within at least a 
majority of the selected section of the formation with a valve coupled to at least one of 
the one or more heat sources. / 

10. The method of claim 1 , further comprising controlling a pressure within at least a 
majority of the selected section of the formation with a valve coupled to a production 
well located in the formation. / 

1 1 . The method of claim 1 , further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. / 

12. The method of claim A, wherein providing heat from the one or more heat sources 
to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity(CY). and wherein the heating 
pyrolyzes at least someycoal within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pmt. 
wherein Pwr is calculated by the equation: 

Pwr = h*V*L*p B 

wherein Pwj is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 1 0 
°C/day. / 
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13. The method of claim 1 ? wherein allowing the heat to transfer from throne or 
more heat sources to the selected section comprises transferring heat substantially by 
conduction. 

5 14. The method of claim 1 , wherein providing heat from the cine or more heat sources 
comprises heating the selected section such that a thermal conductivity of at least a 
portion of the selected section is greater than about 0.5 W/(m °C). 

15. The method of claim 1, wherein the produced mixture comprises condensable 

/■ 

10 hydrocarbons having an API gravity of at least about 25°. 



g 16. The method of claim 1 , wherein the produced mixture comprises condensable 
^ hydrocarbons, and wherein about 0.1 % by weight to about 1 5 % by weight of the 
JC condensable hvdrocarbons are olefins. 



m 1 7. The method of claim 1, wherein the produced mixture comprises non-condensable 
h* / 

g hydrocarbons, and wherein a molar ratio^of ethene to ethane in the non-condensable 

*f hydrocarbons ranges from about 0.00 1 to about 0.15. 



20 18. The method of claim 1 , wherein the produced mixture comprises non-condensable 
hydrocarbons, and wherein about^O.l % by weight to about 15 % by weight of the non- 
condensable hydrocarbons are olefins. 



1 9. The method of clainyl . wherein the produced mixture comprises condensable 

25 hydrocarbons, and whereiryless than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hvdrocarbons is nitrogen. 

/ 

20. The method of claim L wherein the produced mixture comprises condensable 

hvdrocarbons. and wherein less than about 1 % by weight, when calculated on an atomic 

/ 

30 basis, of the condensable hydrocarbons is oxygen. 
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21 . The method of claim 1 . wherein the produced mixture comprises^condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein/the oxygen 
containing compounds comprise phenols. / 



22. The method of claim 1, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

10 23. The method of claim 1 . wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

5 24. The method of claim 1 . wherein the produced mixture comprises condensable 
M> 1 5 hydrocarbons, and wherein less than about 5 % by weight of the condensable 
55 hydrocarbons comprises multi-ring aromatics with more than two rings, 

3 25. The method of claim 1 , wherein the produced mixture comprises condensable 
p hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
g 20 hydrocarbons are asphaltenes. 

26. The method of claim 1, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

25 

27. The method of claim 1, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is^greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
30 condensable component. 
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28. The method of claim 1. wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

29. The method of claim 1. wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizery 

30. The method of claim 1, further comprising controlling a pressure within at least a 
majority of the selected section of the formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. 

3 1 . The method of claim 1, further comprising controlling formation conditions such 
that the produced mixture comprises a partial pressure of H2 within the mixture greater 
than about 0.5 bar. 

32. The method of claim 3 1 . wherein the partial pressure of H 2 is measured when the 
mixture is at a production well. ' 

33. The method of claim 1 , wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 



34. The method of claim'' 1, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



35. The method of claim 1. further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and 

/ 

heating a portion of the section with heat from hydrogenation. 
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36. The method of claim 1 , wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the^roduced hydrogen. 



37. The method of claim L wherein allowing the heat to transfer comprises increasing 
a permeability 7 of a majority of the selected section to greater than about 100 millidarcy. 

38. The method of claim 1 , wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of ^majority of the selected section. 

39. The method of claim 1 , further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

40. The method of claim 1. wherein producing the mixture comprises producing the 
mixture in a production well, and wherein jx least about 7 heat sources are disposed in the 
formation for each production well. 



41 . The method of claim 1, further comprising providing heat from three or more heat 
sources to at least a portion of the formation, wherein three or more of the heat sources 
are located in the formation in a unfit of heat sources, and wherein the unit of heat sources 
comprises a triangular pattern. 



42. The method of claim \i further comprising providing heat from three or more heat 
sources to at least a portion of the formation, wherein three or more of the heat sources 
are located in the formation' in a unit of heat sources, wherein the unit of heat sources 
comprises a triangular pattern, and wherein a plurality of the units are repeated over an 
area of the formation to form a repetitive pattern of units. 

43. The method of claim 1 . further comprising separating the produced mixture into a 
gas stream and a liquid stream. 



/ 

I 
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44. The method of claim 1. further comprising separating the produced mixture into a 
gas stream and a liquid stream and separating the liquid stream info an aqueous stream 
and a non-aqueous stream. 

5 45. The method of claim 1 , wherein the produced mixture comprises H:S, the method 
further comprising separating a portion of the H2S fromynon-condensable hydrocarbons. 

46. The method of claim 1 . wherein the produce^ mixture comprises CC>2 ? the method 
further comprising separating a portion of the CO^from non-condensable hydrocarbons. 

10 

47. The method of claim 1, wherein the mixture is produced from a production well. 
5 wherein the heating is controlled such that the mixture can be produced from the 
ffii formation as a vapor. 

E 

U 15 48. The method of claim 1 . whereinihe mixture is produced from a production well. 

m / 

y, the method further comprising heating/a wellbore of the production well to inhibit 
L condensation of the mixture within the wellbore. 



fH / 

49. The method of claim 1 . wherein the mixture is produced from a production well. 

It / 

O 20 wherein a wellbore of the production well comprises a heater element configured to heat 
^ the formation adjacent to the wellbore. and further comprising heating the formation with 
the heater element to produce/the mixture, wherein the mixture comprises a large non- 
condensable hydrocarbon gas component and H2. 



25 50. The method of claim 1 . wherein the minimum pyrolysis temperature is about 270 
°C. 

5 1 . The method of claim 1 . further comprising maintaining the pressure within the 
formation above about/2. 0 bar absolute to inhibit production of fluids having carbon 
30 numbers above 25. 
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52. The method of claim 1 . further comprising controlling pressure within the 
formation in a range from about atmospheric pressure to about 1 00 bar. afs measured at a 
wellhead of a production well, to control an amount of condensable hydrocarbons within 
the produced mixture, wherein the pressure is reduced to increase production of 
condensable hydrocarbons, and wherein the pressure is increased jo increase production 
of non-condensable hydrocarbons. 



53. The method of claim 1 . further comprising controlling pressure within the 
formation in a range from about atmospheric pressure to about 1 00 bar, as measured at a 
wellhead of a production well, to control an API gravity of condensable hydrocarbons 
within the produced mixture, wherein the pressure is reduced to decrease the API gravity, 
and wherein the pressure is increased to reduce the API gravity. 



54. A method of treating a coal formation in situ, comprising: 

providing heat from one or more heat sources to at least a portion of the 
formation; / 

allowing the heat to transfer from at least the portion to a selected section of the 
formation substantially by conduction of heat; 

pyrolyzing at least some hydrocarbons within the selected section of the 
formation; and 

producing a mixture from the fochiation. 



55. The method of claim 54, wherein the one or more heat sources comprise at least 
mo heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 



56. The method of claim 54, \yherein the one or more heat sources comprise electrical 
heaters. 

57. The method of claim 54/ wherein the one or more heat sources comprise surface 
burners, / 
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58. The method of claim 54, wherein the one or more heat sour/es comprise flameless 
distributed combustors. 



5 59. The method of claim 54. wherein the one or more heat/sources comprise natural 
distributed combustors. 



60. The method of claim 54. further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
10 the pressure is controlled as a function of temperature/or the temperature is controlled as 
a function of pressure. 



61 . The method of claim 54. further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 .0 0 C per day during 
15 pyrolysis. / 



62. The method of claim 54, wherein providing heat from the one or more heat 

L / 

^ sources to at least the portion of formation comprises: 

rfj heating a selected volume (V) of the coal formation from the one or more heat 

Jr : / 

jz 20 sources, wherein the formation has an average heat capacity (C v ). and wherein the heating 

y / 

M= pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pmt. 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C Y *p B J 
25 wherein Pwr is the heating energy /day. h is an average heating rate of the 

formation. p B is formation bulk density, and wherein the heating rate is less than about 1 0 
°C/dav. 



63. The method of claim 54.^ wherein providing heat from the one or more heat 
30 sources comprises heating the selected section such that a thermal conductivity 7 of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 
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64. The method of claim 54, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. / / 

65. The method of claim 54, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to aboi/l5 % by weight of the 
condensable hydrocarbons are olefins. 

66. The method of claim 54, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.1 5. 

67. The method of claim 54, wherein the p/oduced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 /% by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

68. The method of claim 54, whereii/ the produced mixture comprises condensable 
hydrocarbons, and wherein less than at/out 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

69. The method of claim 54, Wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



70. The method of claim/54, wherein the produced mixture comprises condensable 
hydrocarbons, wherein aboidt 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 
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71 . The method of claim 54, wherein the produced mixture con^prises condensable 
hydrocarbons, and wherein greater than about 20 % by weight o^the condensable 
hydrocarbons are aromatic compounds. 

72. The method of claim 54, wherein the produced mix^re comprises condensable 
hydrocarbons, and wherein less than about 5 % by weigh/ of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

73 . The method of claim 54, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % By weight of the condensable 
hydrocarbons are asphaltenes. 

74. The method of claim 54, wherein the /produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by v^eight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



75. The method of claim 54, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 



76. The method of claim/54, wherein the produced mixture comprises ammonia, and 
wherein greater than aboutyO.05 % by weight of the produced mixture is ammonia. 

77. The method of claim 54, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 



78. The method pi claim 54, further comprising controlling a pressure within at least 
a majority of the selected section of the formation, wherein the controlled pressure is at 
least about 2.0 bar/absolute. 
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79. The method of claim 54, further comprising controlling forfnation conditions to 
produce a mixture of condensable hydrocarbons and fy, whereipr a partial pressure of H: 
within the mixture is greater than about 0.5 bar. 

80. The method of claim 79, wherein the partial pressyfe of H2 is measured when the 
mixture is at a production well. 



8 1 . The method of claim 54, further comprising/altering a pressure within the 
10 formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



82. The method of claim 54, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from th^ mixture into the formation. 



M 15 



^ 83. The method of claim 54, furtlWcomprising: 

H providing hydrogen (H2) to th/ heated section to hydrogenate hydrocarbons 

g within the section; and 

^ heating a portion of the seoftion with heat from hydrogenation. 

iti 

i 20 

84. The method of claim 54( wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

25 85. The method of claim 54, wherein allowing the heat to transfer comprises 

increasing a permeability/of a majority of the selected section to greater than about 100 
millidarcv. 



86. The method of claim 54, wherein allowing the heat to transfer comprises 
30 substantially uniformly increasing a permeability of a majority of the selected section. 
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87. The method of claim 54, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



88. The method of claim 54, wherein producing the mixture ^comprises producing the 
5 mixture in a production well, and wherein at least about 7 heat/sources are disposed in the 

formation for each production well. 

89. The method of claim 54, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 

10 sources are located in the formation in a unit of heat spurces, and wherein the unit of heat 
sources comprises a triangular pattern. 

j 

3 90. The method of claim 54, further comprising providing heat from three or more 
I heat sources to at least a portion of the formation, wherein three or more of the heat 
M5 sources are located in the formation in a unit of heat sources, wherein the unit of heat 
j sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



|™3 



42 91 . A method of treating a coal formation in situ, comprising: 

pi / 

2 20 providing heat from one or morye heat sources to at least a portion of the 

O formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; and 

heating the selected section such that a thermal conductivity of at least a portion 
25 of the selected section is greater /than about 0.5 W/(m °C). 



30 



92. The method of claim ^1, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hyd/ocarbons within the selected section of the formation. 
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93. The method of claim 91, wherein controlling formation conditions ^omprises 
maintaining a temperature within the selected section within a pyrolysis temperature 



range. 



5 94. The method of claim 91 . wherein the one or more heat souths comprise electrical 
heaters. 

95. The method of claim 91 , wherein the one or more hea/sources comprise surface 
burners. 

10 

96. The method of claim 91 . wherein the one or mot^ heat sources comprise flameless 
distributed combustors. 

i 

97. The method of claim 91, wherein the one o/ more heat sources comprise natural 
1 5 distributed combustors. 



; 98. The method of claim 91. further comprising controlling a pressure and a 

L / 

O temperature within at least a majority of the/selected section of the formation, wherein 

the pressure is controlled as a function of temperature, or the temperature is controlled as 
JJ 20 a function of pressure. 



99. The method of claim 91 , further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 



pyrolysis. 



1 00. The method of claim 91 y wherein providing heat from the one or more heat 
sources to at least the portion formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ). and wherein the heating 
30 pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
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wherein heating energy/day provided to the volume is equal to or jess than Pwr. 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating/rate is less than about 1 0 
°C/day. 

101. The method of claim 9 1 , wherein allowing the he^f to transfer comprises 
transferring heat substantially by conduction. 



102. The method of claim 91, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



1 03. The method of claim 91 , wherein the produced mixture comprises condensable 
15 hydrocarbons, and wherein about 0. 1 % by weight to about 1 5 % by weight of the 

condensable hydrocarbons are olefins. / 

/ 

I; 

104. The method of claim 91, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
20 condensable hydrocarbons ranges from about 0.001 to about 0.1 5. 



105. The method of claim 91 /wherein the produced mixture comprises condensable 
hydrocarbons, and wherein les^than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



I 



106. The method of claim 91, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 
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1 07. The method of claim 91 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. / 

108. The method of claim 91, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

1 09. The method of claim 91 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. / 

1 1 0. The method of claim 91 , wherein ; the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 

hvdrocarbons comprises multi-ring aro'matics with more than two rings. 

/ 

111. The method of claim 91, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes^/ 

112. The method of claim 9 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

113. The method of claim 91, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 
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114. The method of claim 91, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixtures ammonia. 

115. The method of claim 91, wherein the produced mixture pomprises ammonia, and 
5 wherein the ammonia is used to produce fertilizer. 



10 



1 16. The method of claim 91 , further comprising controlling a pressure within at least 
a majority of the selected section of the formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. 

117. The method of claim 91 , further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of 
within the mixture is greater than about 0.5 ba 



O 1 5 118. The method of claim 1 1 7, whereii/the partial pressure of H 2 is measured when the 

in 

£7 mixture is at a production well. 

O / 

p 119. The method of claim 91 , furttter comprising altering a pressure within the 

^ formation to inhibit production of hydrocarbons from the formation having carbon 

fH 20 numbers greater than about 25. 



120. The method of claim 91, wherein controlling formation conditions comprises 
recirculating a portion of hwrogen from the mixture into the formation. 

25 121. The method of claim 9 1 , further comprising: 

providing hydrcjgen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; anc 

heating a port/on of the section with heat from hydrogenation. 
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1 22. The method of claim 91 . wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

5 123. The method of claim 9L wherein allowing the hear to transfer comprises 

increasing a permeability of a majority of the selected ^ection to greater than about 1 00 
millidarcy. 

124. The method of claim 91, wherein allowing the heat to transfer comprises 
10 substantially uniformly increasing a permeability of a majority of the selected section. 

1 25. The method of claim 91 , further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



15 126. The method of claim 9L wherein producing the mixture comprises producing the 
mixture in a production well, and wherein at least about 7 heat sources are disposed in the 
formation for each production well. 



Mi 




1 27. The method of claim 91 , further comprising providing heat from three or more 
20 heat sources to at least a portioirof the formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

128. The method of claim 91, further comprising providing heat from three or more 
25 heat sources to at least a/portion of the formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

30 129. A method of treating a coal formation in situ, comprising: 
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providing heat from one or more heat sources to at least a portion/of the 
formation; 

allowing the heat to transfer from the one or more heat source^ to a selected 

section of the formation; 

5 controlling the heat from the one or more heat sources suofi that an average 

temperature within at least a majority of the selected section of/the formation is less than 

about 370 °C such that production of a substantial amount o^nydrocarbons having carbon 

numbers greater than 25 is inhibited; 

controlling a pressure within at least a majority oi the selected section of the 

10 formation, wherein the controlled pressure is at least 2/0 bar; and 

producing a mixture from the formation, wherein about 0.1 % by weight of the 

produced mixture to about 1 5 % by weight of the produced mixture are olefins, and 
3 / 

i wherein an average carbon number of the produced mixture ranges from 1 -25. 

\ l 

M 5 130. The method of claim 1 29, wherein the one or more heat sources comprise at least 
I two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 



:F 131. The method of claim 129. wherein controlling formation conditions comprises 
m / 

20 maintaining a temperature within die selected section within a pyrolysis temperature 

£7 range. 



132. The method of claim 1£9, wherein the one or more heat sources comprise 
electrical heaters. 



25 




133. The method of claini 129, wherein the one or more heat sources comprise surface 
burners. 

134. The method of llaim 129, wherein the one or more heat sources comprise 
30 flameless distributed combustors. 
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135. The method of claim 1 29, wherein the one or more heat sources compose natural 
distributed combustors. 



1 36. The method of claim 1 29, further comprising controlling a pres/ure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. / 



137. The method of claim 129, further comprising controlling the heat such that an 
10 average heating rate of the selected section is less than about 1 °C per day during 

pyrolysis. 

138. The method of claim 129, wherein providing /heat from the one or more heat 



f\ sources to at least the portion of formation comprises: 

O 15 heating a selected volume (V) of the coal formation from the one or more heat 

2 sources, wherein the formation has an average h^at capacity (C v ). and wherein the heating 
^ pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

jg wherein heating energy/day provided^to the volume is equal to or less than TVr. 

3 H wherein Pwr is calculated by the equation 
g 20 Pwr = h*V*C v *p B 

wherein Pwr is the heating energy /day, h is an average heating rate of the 
formation, p B is formation bulk density! and wherein the heating rate is less than about 1 0 
°C/day. 



25 139. The method of claim 1 29, wherein allowing the heat to transfer comprises 
transferring heat substantially by/conduction. 



1 40. The method of claim 129, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
30 a portion of the selected section is greater than about 0.5 W/(m °C). 
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141 . The method of claim 129, wherein the produced mixture'comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about V5 % by weight of the 
condensable hydrocarbons are olefins. / 

1 42. The method of claim 1 29, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar rmio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about (M)01 to about 0.15. 

143. The method of claim 129, whereinAe produced mixture comprises condensable 
hydrocarbons ; and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

• / 

1 44. The method of claim 129y\vherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

145. The method of claim 129, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight. w r hen calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

146. The methocj of claim 129, wherein the produced mixture comprises condensable 
hydrocarbons, wperein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

147. The method of claim 129, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarpons are aromatic compounds. 
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148. The method of claim 129. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weighvx>f the condensable 
hydrocarbons comprises multi-ring aromatics with mope than two rings. 

5 1 49. The method of claim 1 29, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 

150. The method of claim 129, wherem the produced mixture comprises condensable 
1 0 hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloaikanes. 



o 15 



151. The method of claim 1 29, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 



20 



1 52. The method of cmim 129, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



1 53. The method/of claim 129, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

25 154. The methfod of claim 1 29, further comprising controlling formation conditions to 
produce a mixrare of condensable hydrocarbons and H2, wherein a partial pressure of H: 
within the mixture is greater than about 0.5 bar. 



30 



155. The 



mixture is 



method of claim 154, wherein the partial pressure of H: is measured when the 
x a production well. 
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1 56. The method of claim 129, further comprising altering a pressure within the 

formation to inhibit production of hydrocarbons from the formation having carbon 

/ 

numbers greater than about 25. 

1 57. The method of claim 1 29, further comprising: 
providing hydrogen (H2) to the heated section \tf hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with heat frofn hydrogenation. 

1 58. The method of claim 129, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at l6ast a portion of the produced hydrogen. 

159. The method of claim 129, wherein Allowing the heat to transfer comprises 
increasing a permeability of a majority o^the selected section to greater than about 100 
millidarcy. 

1 60. The method of claim 1 29, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a/permeability of a majority of the selected section. 



1 61 . The method of claim 129/ further comprising controlling the heat to yield greater 

/ 

than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



162. The method of claim/129, wherein producing the mixture comprises producing 
the mixture in a production/well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



1 63. The method of claim 129, further comprising providing heat from three or more 

heat sources to at least/a portion of the formation, wherein three or more of the heat 

/ 

sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a/ triangular pattern. 



/ 



240 Conlev. Rose & Tavon. P C 

/ 

; 

/ 



4 

164. The method of claim 129, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1 65. The method of claim 129, further comprising separating the produced mixture 
into a gas stream and a liquid stream. / 

166. The method of claim 129. further compris/ng separating the produced mixture 
into a gas stream and a liquid stream and separating the liquid stream into an aqueous 
stream and a non-aqueous stream. / 

1 67. The method of claim 129, wherein the produced mixture comprises H 2 S ; the 
method further comprising separating a portion of the H2S from non-condensable 
hydrocarbons. / 

168. The method of claim 129 ? wherein the produced mixture comprises CO2, the 
method further comprising separating a portion of the CO2 from non-condensable 
hydrocarbons. / 

169. The method of claim 129.Avherein the mixture is produced from a production 
well, wherein the heating is controlled such that the mixture can be produced from the 
formation as a vapor. / 

1 70. The method of claim V29. wherein the mixture is produced from a production 
well, the method further comprising heating a wellbore of the production well to inhibit 
condensation of the mixture within the wellbore. 



241 



Conley. Rose & Tayon. P C 



171. The method of claim 129, wherein the mixture is produced from a production 
well, wherein a wellbore of the production well comprises a heater element configured to 
heat the formation adjacent to the wellbore, and further comprising heating the formation 
with the heater element to produce the mixture, wherein the produced mixture comprise a 
large non-condensable hydrocarbon gas component and'rh. 

1 72. The method of claim 129. wherein the minimum pyrolysis temperature is about 
270 °C 

1 73. The method of claim 129, further comprising maintaining the pressure within the 
formation above about 2.0 bar absolute to inhibit production of fluids having carbon 
numbers above 25. / 

1 74. The method of claim 129. further comprising controlling pressure within the 
formation in a range from about atmospheric pressure to about 100 bar absolute, as 
measured at a wellhead of a production well, to control an amount of condensable fluids 
within the produced mixture, wherein the pressure is reduced to increase production of 
condensable fluids, and wherein the pressure is increased to increase production of non- 
condensable fluids. / 

1 75. The method of claim/129, further comprising controlling pressure within the 
formation in a range from aftxmt atmospheric pressure to about 100 bar absolute, as 
measured at a wellhead oj a production well, to control an API gravity of condensable 
fluids within the produced mixture, wherein the pressure is reduced to decrease the API 
gravity, and wherein the pressure is increased to reduce the API gravity. 

1 76. A method of treating a coal formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; / 

allowin^the heat to transfer from the one or more heat sources to a selected 
section of the formation; 
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controlling a pressure within at least a majority of the selected section of the 
formation, wherein the controlled pressure is at least about 2.(M>ar absolute; and 
producing a mixture from the formation. / 



177. The method of claim 176, wherein controlling the pressure comprises controlling 
the pressure with a valve coupled to at least one of the one or more heat sources. 

1 78, The method of claim 1 76, wherein controlling the pressure comprises controlling 
the pressure with a valve coupled to a production well located in the formation. 



1 79. The method of claim 1 76, whereirythe one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 



1 80. The method of claim 1 76, ^herein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. 



181. The method of claim 1 76. wherein the one or more heat sources comprise 
electrical heaters. 

182. The method of claim 176, wherein the one or more heat sources comprise surface 
burners. 

1 83. The method of claim 1 76, wherein the one or more heat sources comprise 
flameless distribu/ed combustors. 



1 84. The method of claim 1 76, wherein the one or more heat sources comprise natural 
distributed combustors. 
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185. The method of claim 176 ; further comprising controlling a temperature within at 
least a majority of the selected section of the formation, wherein the pressujre is 
controlled as a function of temperature, or the temperature is contr^led as a function of 
pressure. 

1 86. The method of claim 1 76, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about/1 °C per day during 
pyrolysis. 



n is 

•ass: 

m 



D 

ro 



20 



1 87. The method of claim 1 76, wherein providing hea/ from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ). and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to th/ volume is equal to or less than Pwr. 
w : herein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day//; is an average heating rate of the 
formation, p B is formation bulk density, and ^herein the heating rate is less than about 1 0 
°C/day. 



1 88. The method of claim 1 76, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1 89. The method of claim 1 76, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is gfeater than about 0.5 W/(m °C). 



190. The method of claim 1 76,/wherein the produced mixture comprises condensable 
30 hydrocarbons having an API gravity of at least about 25°. 
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191 . The method of claim 1 76. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about \5]/o by weight of the 
condensable hydrocarbons are olefins. 

5 1 92. The method of claim 1 76, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.00 1 to about 0.15. 

193. The method of claim 1 76, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein less than abou/ 1 % by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons is nitrogen. 

1 94. The method of claim 1 76, wmerein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

p 15 basis, of the condensable hydrocarbons is oxygen. 

^ / 

s_ 195. The method of claim W6, wherein the produced mixture comprises condensable 

5 hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

f 0 basis, of the condensable hydrocarbons is sulfur. 
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196. The method of claim 176, wherein the produced mixture comprises condensable 

hvdrocarbons. wherein about 5 % by weight to about 30 % bv weight of the condensable 

/ 

hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



197. The method of claim 176, wherein the produced mixture comprises condensable 
hydrocarbons, anli wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



245 Conley. Rose & Tayon. P C 



198. The method of claim 176 ? wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

5 1 99. The method of claim 1 76, wherein the produced /mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

200. The method of claim 1 76, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein about 5 % by weigty to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

jjj 201 . The method of claim 1 76, wherein me produced mixture comprises a non- 

2 condensable component, wherein the norycondensable component comprises hydrogen. 

^ 1 5 wherein the hydrogen is greater than about 1 0 % by volume of the non-condensable 

S! component, and wherein the hydrogen/is less than about 80 % by volume of the non- 

^ condensable component. 



; 202. The method of claim 1 76, wherein the produced mixture comprises ammonia, and 
; 20 wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



203. The method of claim ]/76, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

25 204. The method of claim 1 76, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H 2 
within the mixture is greater than about 0.5 bar. 



205. The method of claim 204, wherein the partial pressure of H2 is measured when the 
30 mixture is at a production well. 
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206. The method of claim 1 76, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation/having* carbon 
numbers greater than about 25. 

207. The method of claim 176, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture intone formation. 

208. The method of claim 176, further comprising 
providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with hekt from hydrogenation. 



209. The method of claim 176. wherein the produced mixture comprises hydrogen and 

/ 

condensable hydrocarbons, the method further comprising hydrogenating a portion of the 

/ 

produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



210. The method of claim 1 76, wherein allowing the heat to transfer comprises 

/ 

increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

/ 

211. The method of claim ¥16, wherein allowing the heat to transfer comprises 

/ 

substantially uniformly increasing a permeability of a majority of the selected section. 



212. The method of claim 176, further comprising controlling the heat to yield greater 
/ 

than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



213. The method^of claim 1 76. wherein producing the mixture from the formation 
comprises producing the mixture in a production well, and wherein at least about 7 heat 
sources are disposed in the formation for each production well. 



214. A method of treating a coal formation in situ, comprising: 
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providing heat from one or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; and 

controlling a pressure within at least a majority of the selected section of the 
formation, wherein the controlled pressure is at least about 2.0 War absolute; 

controlling the heat from the one or more heat sources such that an average 
temperature within at least a majority of the selected section <pf the formation is less than 
about 375 °C; and 

producing a mixture from the formation. 



215. The method of claim 214, wherein the one or mere heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

216. The method of claim 214, wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. 



4^20 217. The method of claim 214, wherein tl/e one or more heat sources comprise 
rf electrical heaters. 

218. The method of claim 2 1 4, whereip the one or more heat sources comprise surface 
burners. 



25 



219. The method of claim 214, wherein the one or more heat sources comprise 
flameless distributed combustors. 



220. The method of claim 214, wl/erein the one or more heat sources comprise natural 
30 distributed combustors. 
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22 1 . The method of claim 2 1 4, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or^ie temperature is controlled as 
a function of pressure. 

222. The method of claim 2 14, further comprising controlling the heat such that an 
average heating rate of the selected section is less thgai about 1 °C per day during 
pyrolysis. 

223. The method of claim 214, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ). and wherein the heating 
pyrolyzes at least some hydrocarbons withiiythe selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr. 
wherein Pwr is calculated by the equatior 

Pwr = h*V*C v *p B 

wherein Pwr is the heating energy /day, h is an average heating rate of the 
formation. p B is formation bulk density/ and wherein the heating rate is less than about 1 0 
°C/day. 

224. The method of claim 214, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

225. The method of claim 214/ wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity' of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

226. The method of claim £14, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 
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227. The method of claim 214, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 %'by weight of the 



228. The method of claim 214. wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 1 5 % by weight 
of the non-condensable hydrocarbons are olefins. / 

229. The method of claim 214. wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio/of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 ko about 0.15. 

230. The method of claim 214. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 %py weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



23 1 . The method of claim 214, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than abou/ 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



232. The method of claim 214, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less thaiy about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

233. The method of claim 2 14/ wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



condensable hydrocarbons are olefins. 
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234. The method of claim 214. wherein the produced mixture / comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

' \ 

235. The method of claim 214, wherein the produced/mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

236. The method of claim 214, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3/yo by weight of the condensable 
hydrocarbons are asphaltenes. 



237. The method of claim 214, wherein/the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % bVweight to about 30 % by weight of the 



condensable hydrocarbons are cycloalkanes. 



238. The method of claim 214, wherein the produced mixture comprises a non- 
condensable component, wherein th( non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 



239. The method of claim^l4, wherein the produced mixture comprises ammonia, and 
wherein greater than about 6.05 % by weight of the produced mixture is ammonia. 

240. The method of claim 214, wherein the produced mixture comprises ammonia, and 
wherein the ammonia i^used to produce fertilizer. 

241 . The method of claim 214, wherein controlling the heat further comprises 
controlling the heat sfach that coke production is inhibited. 
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242. The method of claim 214, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

5 243. The method of claim 242, wherein the partial pressure of H 2 is measured when the 
mixture is at a production well. 

244. The method of claim 214, further composing altering the pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
1 0 numbers greater than about 25 . 



U5 
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245. The method of claim 214, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen froip the mixture into the formation. 

246. The method of claim 214, further comprising: 
providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 

within the section; and / 

heating a portion of the section with heat from hydrogenation. 

247. The method of claim 2 m, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



248. The method of claipi 214, wherein allowing the heat to transfer comprises 

25 increasing a permeability/of a majority of the selected section to greater than about 1 00 
millidarcy. 

249. The method of cfaim 214, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

30 
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250. The method of claim 214, further comprising controlling tKe heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



25 1 . The method of claim 214, wherein producing the mixture comprises producing 
5 the mixture in a production well, and wherein at least atjout 7 heat sources are disposed in 

the formation for each production well. 

252. The method of claim 214, further comprising providing heat from three or more 
heat sources to at least a portion of the formation/wherein three or more of the heat 

10 sources are located in the formation in a unit of/neat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



253. The method of claim 214, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 

yj5 sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

254. A method of treating a coal formation in situ, comprising: 



01 



O 



5L.,; 



f«20 providing heat from one or more heat sources to at least a portion of the 

M 

^ formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; / 

producing a mixture from the formation, wherein at least a portion of the mixture 
25 is produced during the pyrolyf is and the mixture moves through the formation in a vapor 
phase; and 

maintaining a pressuib within at least a majority of the selected section above 
about 2.0 bar absolute. 



30 255. The method of claim 254. wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 
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256. The method of claim 254. wherein controlling formation conditions comprises 



maintaining a temperature within the selected section within a pyrolysis temperature 
range. 



257. The method of claim 254, wherein the one or ynore heat sources comprise 
electrical heaters. 

258. The method of claim 254, wherein the one/or more heat sources comprise surface 
10 burners. 



03 



259. The method of claim 254, wherein the />ne or more heat sources comprise 
flameless distributed combustors. 



Hi 5 260. The method of claim 254, wherein pe one or more heat sources comprise natural 
m distributed combustors. 
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261 . The method of claim 254, further comprising controlling the pressure and a 
temperature within at least a majority 0/ the selected section of the formation, wherein 
the pressure is controlled as a functioiyof temperature, or the temperature is controlled as 
a function of pressure. 



262. The method of claim 254, fwther comprising controlling the heat such that an 
average heating rate of the selected [section is less than about 1 °C per day during 
25 pyrolysis. 
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263. The method of claim 254, 
sources to at least the portion of f< 
heating a selected volume 1 
sources, wherein the formation ha: 
pyrolyzes at least some hydrocarb 



herein providing heat from the one or more heat 
cjrmation comprises: 
K) of the coal formation from the one or more heat 
an average heat capacity (C v ), and wherein the heating 
ns within the selected volume of the formation; and 
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wherein heating energy/day provided to the volume is'equal to or less than P\w\ 
wherein Pwr is calculated by the equation: 
Pmt = h*V*C v *p B 

wherein Pwr is the heating energy/day, h/is an average heating rate of the 
formation, p B is formation bulk density', and wherein the heating rate is less than about 1 0 
°C/day. 

264. The method of claim 254, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

265. The method of claim 254, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

266. The method of claim 254, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

267. The method of claim 25A, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



268. The method of clai: 
condensable hydrocarbons, 
of the non-condensable hydrocarbons 



269. The method of claiifri 
condensable hydrocarbons, 
condensable hydrocarbons 



254, wherein the produced mixture comprises non- 
and wherein about 0.1 % by weight to about 15 % by weight 
are olefins. 



254, wherein the produced mixture comprises non- 
and wherein a molar ratio of ethene to ethane in the non- 
ranges from about 0.001 to about 0.15. 
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270. The method of claim 254, wherein the produced mixtureyComprises condensable 
hydrocarbons, and wherein less than about 1 % by weight.' wh^n calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

5 271 . The method of claim 254, wherein the produced/fixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

272. The method of claim 254, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein less than about 1 % bp weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is suH 

3 

3 273. The method of claim 254. wherein the produced mixture comprises condensable 
* hydrocarbons. w r herein about 5 % by weight' to about 30 % by weight of the condensable 
h 1 5 hydrocarbons comprise oxygen containing/compounds, and wherein the oxygen 
containing compounds comprise phenols. , 



274. The method of claim 254. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than/about 20 % by weight of the condensable 

20 hydrocarbons are aromatic compounds/ 

275. The method of claim 254, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring ar ^matics with more than two rings. 



hydrocarbons, and wherein less than 
hydrocarbons are asphaltenes. 



276. The method of claim 254, wherein the produced mixture comprises condensable 



>out 0.3 % by weight of the condensable 
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277. The method of claim 254, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 3(^/% by weight of the 
condensable hydrocarbons are cycloalkanes. 

278. The method of claim 254, wherein the produced' mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by/volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

279. The method of claim 254, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weigh/ of the produced mixture is ammonia. 

280. The method of claim 254, wherein/the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce/fertilizer. 

28 1 . The method of claim 254, wherein the pressure is measured at a wellhead of a 
production well. 

282. The method of claim 254 ;/ wherein the pressure is measured at a location within a 
wellbore of the production well. 

283. The method of claim 254, wherein the pressure is maintained below about 1 00 bar 
absolute. 



284. The method of claim 254, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greatlr than about 0.5 bar. 



285. The method of claim 284. wherein the partial pressure of H2 is measured when the 
mixture is at a production* well. 
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286. The method of claim 254, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from thfe formation having carbon 
numbers greater than about 25. 

287. The method of claim 254, wherein controlling {formation conditions comprises 
recirculating a portion of hydrogen from the mixture ipto the formation. 

288. The method of claim 254, further comprising/ 
providing hydrogen (H 2 ) to the heated sectio^ to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with heat fr£m hydrogenation. 

289. The method of claim 254, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further dbmprising hydrogenating a portion of the 
produced condensable hydrocarbons with at leafst a portion of the produced hydrogen. 

290. The method of claim 254, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of ihej selected section to greater than about 100 
millidarcv. 



291 . The method of claim 254, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability^ of a majority of the selected section. 



292. The method of claim 254, further 
than about 60 % by weight of condensable 



c Dmprising controlling the heat to yield greater 
lydrocarbons, as measured by Fischer Assay. 



293. The method of claim 254, wherein 
the mixture in a production well, and 
the formation for each production well. 



oroducing the mixture comprises producing 
wherein at least about 7 heat sources are disposed in 
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294. The method of claim 254, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat purees, and wherein the unit of heat 



sources comprises a triangular pattern. 



/ 



O 
Ql 

o 

fU 



295. The method of claim 254. further compris/ng providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit ofmeat sources, wherein the unit of heat 
sources comprises a triangular pattern, and whfcrein a plurality of the units are repeated 

10 over an area of the formation to form a repetitive pattern of units. 

296. A method of treating a coal formation in situ, comprising: 

j providing heat from one or more hep\ sources to at least a portion of the 

t formation; 

M5 allowing the heat to transfer from^he one or more heat sources to a selected 

section of the formation; 

maintaining a pressure within at/least a majority of the selected section of the 
formation above 2.0 bar absolute; and 

producing a mixture from the prmation, wherein the produced mixture comprises 
1 20 condensable hydrocarbons having an/API gravity higher than an API gravity of 
? condensable hydrocarbons in a mixture producible from the formation at the same 
temperature and at atmospheric pressure. 



297. The method of claim 296, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 



30 



298. The method of claim 296 J wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. 
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299. The method of claim 296, wherein the one or more' heat sources comprise 
electrical heaters. ; 

300. The method of claim 296, wherein the one or/inore heat sources comprise surface 
5 burners. 

301 . The method of claim 296, wherein the one />r more heat sources comprise 
flameless distributed combustors. 

10 302. The method of claim 296, wherein the oAe or more heat sources comprise natural 
distributed combustors. 

J=f 303. The method of claim 296, further comprising controlling the pressure and a 

03 temperature within at least a majority of th&selected section of the formation, wherein 

77l5 the pressure is controlled as a function of temperature, or the temperature is controlled as 

y a function of pressure. 

^ 304. The method of claim 296, further comprising controlling the heat such that an 

42 average heating rate of the selected section is less than about 1 °C per day during 

I j~20 pyrolysis. 
Q 

E s 

SSSK3 I 

305. The method of claim 296. wfierein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (r) of the coal formation from the one or more heat 
25 sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/da^ provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the /equation: 

Pwr ~ h*V*Cy*p B 
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wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating/rate is less than about 1 0 
°C/day. 

306. The method of claim 296, wherein allowing the hea/ to transfer comprises 
transferring heat substantially by conduction. 

307. The method of claim 296, wherein providing htkx from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



308. The method of claim 296, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



309. The method of claim 296, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



3 1 0. The method of claim 296, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein abbut 0.1 % by weight to about 15 % by weight 

/ 

of the non-condensable hydrocarbons are olefins. 



311. The method of claim 296, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



312. The method of claim 296, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



261 



Conley. Rose & Tayon. P C 



The method of claim 296. wherein the produced mixture comprises condensable 



hvdrocarbons. and wherein less than about 1 % bv weight, when calculated on an atomic 

■ / 

basis, of the condensable hydrocarbons is oxygen. 



5 314. The method of claim 296 r wherein the produced/mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by we/ght, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

31 5. The method of claim 296, wherein the produced mixture comprises condensable 
10 hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
q containing compounds comprise phenols. j 

jp 316. The method of claim 296, wherein tne produced mixture comprises condensable 
3 5 hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
CP hydrocarbons are aromatic compounds. 



y 317. The method of claim 296, wherein the produced mixture comprises condensable 

fig hydrocarbons, and wherein less than about 5 % by weight of the condensable 

p / 

2?20 hydrocarbons comprises multi-ring aromatics with more than two rings. 



25 



318. The method of claim 296, \jherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes 



iss than ; 

7. 



3 1 9. The method of claim 296, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are/cycloalkanes. 



30 320. The method of claim 296. wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen. 



262 Coniev. Rose & Tavon. P.C 



wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 



321 . The method of claim 296, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



10 



322. The method of claim 296 ; wherein the produ/ed mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

323. The method of claim 296, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H: 
within the mixture is greater than about 0.5 bar. 



y 4 1 5 324. The method of claim 296, wherein Htf partial pressure of H 2 is measured when the 

D 



mixture is at a production well. 

h 325. The method of claim 296, further comprising altering a pressure within the 
I formation to inhibit production of hydrocarbons from the formation having carbon 
1 2 0 numbers greater than about 2 5 . 

326. The method of claim 296, whe/ein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 



2S 



327. The method of claim 296, further comprising: 

providing hydrogen (H2) to [the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the secftion with heat from hydrogenation. 
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328. The method of claim 296. wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

5 329. The method of claim 296. wherein allowing the heat to transfer comprises 

increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

330. The method of claim 296, wherein allowing the heat to transfer comprises 
. 10 substantially uniformly increasing a permeabiLity of a majority of the selected section. 

331. The method of claim 296, further comprising controlling the heat to yield greater 

r==i / 

4? than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

sJ ui / 

Q5 332. The method of claim 296, wherein/producing the mixture comprises producing 

g the mixture in a production well, and wherein at least about 7 heat sources are disposed in 

m the formation for each production well. 

42 333. The method of claim 296, further comprising providing heat from three or more 

3 ij!20 heat sources to at least a portion of the/formation, wherein three or more of the heat 

O sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattet 



334. The method of claim 296, Mrther comprising providing heat from three or more 
25 heat sources to at least a portion oi the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

30 335. A method of treating a coil formation in situ, comprising: 
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providing heat from one or more heat sources to at least a portion of the 
formation; / 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; J, 

maintaining a pressure within at least a majority of the selected section of the 
formation to above 2.0 bar absolute; and / 

producing a fluid from the formation, wherein condensable hydrocarbons within 
the fluid comprise an atomic hydrogen to atomic carbon ratio of greater than about 1 .75. 

336. The method of claim 335, wherein the ofoe or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

337. The method of claim 335, wherein controlling formation conditions comprises 
maintaining a temperature within the seledted section within a pyrolysis temperature 
range. / 

338. The method of claim 335, wherein the one or more heat sources comprise 
electrical heaters. / 

339. The method of claim 335, wnerein the one or more heat sources comprise surface 
burners. / 

340. The method of claim 335/wherein the one or more heat sources comprise 
flameless distributed combustors. 

341 . The method of claim 3$5. wherein the one or more heat sources comprise natural 
distributed combustors. / 

342. The method of claim/335, further comprising controlling the pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
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the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 



343. The method of claim 335, further comprising controlling the heat such that an 
average heating rate of the selected section is less than^bout 1 °C per day during 
pyrolysis. 

344. The method of claim 335. wherein providii/g heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume ( V) of the coal/formation from the one or more heat 
sources, wherein the formation has an average tieat capacity (C v ). and wherein the heating 
pyrolyzes at least some hydrocarbons within tne selected volume of the formation: and 

wherein heating energy/day provided tp the volume is equal to or less than Pwr. 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B 

wherein Pwr is the heating energy /diy. h is an average heating rate of the 
formation, p B is formation bulk density, anq wherein the heating rate is less than about 1 0 
°C/day. 



345. The method of claim 335, wherein allowing the heat to transfer comprises \ 
transferring heat substantially by conduction. 



346. The method of claim 335, whereip 
sources comprises heating the selected section 
a portion of the selected section is greater 



providing heat from the one or more heat 

such that a thermal conductivity of at least 
than about 0.5 W/(m °C). 



347. The method of claim 335. wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 
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348. The method of claim 335, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0. 1 % by weight to about 1 5 % by weight of the 
condensable hydrocarbons are olefins. / 

349. The method of claim 335, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 fo by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefinsy 

350. The method of claim 335, wherein theyproduced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



35 1 . The method of claim 335, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

/ 

basis, of the condensable hydrocarbons is nitrogen. 

352. The method of claim 335, wherein the produced mixture comprises condensable 

hvdrocarbons. and wherein less than about 1 % by weight, when calculated on an atomic 

/ 

basis, of the condensable hydrocarbons is oxygen. 



353. The method of claim 335, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein les/ than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hvdnocarbons is sulfur. 



354. The method of claim 
hydrocarbons, wherein about 
hydrocarbons comprise oxy 
containing compounds 



335, wherein the produced mixture comprises condensable 
5 % by weight to about 30 % by weight of the condensable 
g|en containing compounds, and wherein the oxygen 
comprise phenols. 
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355. The method of claim 335, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



5 356. The method of claim 335, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

357. The method of claim 335, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein less than about 0.3 %py weight of the condensable 
hydrocarbons are asphaltenes. 



715 



358. The method of claim 335, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



"120 
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359. The method of claim 335, wherein Uie produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is/less than about 80 % by volume of the non- 
condensable component. 

360. The method of claim 335, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % b\j weight of the produced mixture is ammonia. 

361 . The method of claim 335, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to pronuce fertilizer. 



362. The method of claim 335, further comprising controlling formation conditions to 
30 produce a mixture of condensable hydrocarbons and H 2 . wherein a partial pressure of H: 
within the mixture is greater thari about 0.5 bar. 
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363. The method of claim 335, wherein the partial pressure of H 2 is measured when the 
mixture is at a production well. 

364. The method of claim 335, further comprising al/ering the pressure within the 
formation to inhibit production of hydrocarbons from Jhc formation having carbon 
numbers greater than about 25. 

365. The method of claim 335, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

366. The method of claim 335, further comprising: 
providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with hefat from hydrogenation. 

367. The method of claim 335, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 

produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

/ 
f 

368. The method of claim 335, wherein<allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

369. The method of claim 335, where&n allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

370. The method of claim 335, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 
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371 . The method of claim 335, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

372. The method of claim 335. further comprising/providing heat from three or more 
heat sources to at least a portion of the formation. Wherein three or more of the heat 
sources are located in the formation in a unit of he$(t sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



373. The method of claim 335, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

/ 

374. A method of treating a coal formation in situ, comprising: 
providing heat from one or more/heat sources to at least a portion of the 

formation; 

; 

allowing the heat to transfer from the one or more heat sources to a selected 

section of the formation; 

maintaining a pressure within at least a majority of the selected section of the 

formation to above 2.0 bar absolute- 1 and 

/ 

producing a mixture from tne formation, wherein the produced mixture comprises 
a higher amount of non-condensable components as compared to non-condensable 
components producible from the formation under the same temperature conditions and at 
atmospheric pressure. 

375. The method of claim 374. wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 



\ 
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376. The method of claim 374, wherein controlling formation. conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. 

5 377. The method of claim 374, wherein /he one or more heat sources comprise 
electrical heaters. 



10 



n 



p 
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378. The method of claim 374 ; wherein 
burners. 



the one or more heat sources comprise surface 



379. The method of claim 374, whereip the one or more heat sources comprise 
flameless distributed combustors. 

380. The method of claim 374, wherejin the one or more heat sources comprise natural 
15 distributed combustors. 

381 . The method of claim 374, furthfer comprising controlling the pressure and a 
temperature within at least a majority bf the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 



rijj20 a function of pressure. 
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382. The method of claim 374, further comprising controlling the heat such that an 
average heating rate of the selectecy section is less than about 1 °C per day during 
pyrolysis. 

383. The method of claim 374/, wherein providing heat from the one or more heat 
sources to at least the portion off formation comprises: 

heating a selected volume (F) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ) ? and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
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wherein heating energy/day provided to the vylume is equal to or less than Pwr. 
wherein Pwr is calculated by the equation: 
p wr = h*V*C v *p B 

wherein Pwr is the heating energy/day, # is an average heating rate of the 
formation. p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

384. The method of claim 374, wherein Allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

385. The method of claim 374, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

386. The method of claim 374, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



387. The method of claim 374, wherein the produced mixture comprises condensable 



it/0 



hydrocarbons, and wherein about/0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

388. The method of claim 37a, wherein the produced mixture comprises non- 
condensable hydrocarbons, an<8 wherein about 0. 1 % by weight to about 1 5 % by weight 
of the non-condensable hydrocarbons are olefins. 

389. The method of claim B74, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons nanges from about 0.001 to about 0.15. 
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390. The method of claim 374, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

5 391 . The method of claim 374, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 %by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

392. The method of claim 374, wherein me produced mixture comprises condensable 
10 hydrocarbons, and wherein less than aboiu 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 
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393. The method of claim 374, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by \veight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



:,20 



394. The method of claim 374,/wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 
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395. The method of claim 3J/4, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises muj/ti-ring aromatics with more than two rings. 



396. The method of clair l 
hydrocarbons, and wherein 
hydrocarbons are asphalter 



374, wherein the produced mixture comprises condensable 
less than about 0.3 % by weight of the condensable 
es. 
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397. The method of claim 374, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight td about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



398. The method of claim 374, wherein the produced 
condensable component, wherein the non-condensjable 
wherein the hydrogen is greater than about 1 0 % 
component, and wherein the hydrogen is less than 
condensable component. 



mixture comprises a non- 
component comprises hydrogen, 
y volume of the non-condensable 
about 80 % by volume of the non- 



399. The method of claim 374, wherein the pro* 
wherein greater than about 0.05 % by weight of tl 



400. The method of claim 374. wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilize \ 



uced mixture comprises ammonia, and 
ie produced mixture is ammonia. 



401 . The method of claim 374, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbon^ and H2. wherein a partial pressure of H2 
within the mixture is greater than about 0.5 ba 

402. The method of claim 374. wherein thq partial pressure of H2 is measured when the 
mixture is at a production well. 



403. The method of claim 374, further 
formation to inhibit production of hydrocar$ons 
numbers greater than about 25. 



co nprising altering the pressure within the 
from the formation having carbon 



404. The method of claim 374, further comprising: 



providing hydrogen (H 2 ) to the hea 
within the section: and 



ed section to hydrogenate hydrocarbons 



heating a portion of the section with heat from hvdrogenation. 



1 
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405. The method of claim 374, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

5 

406. The method of claim 374. wherein allowing the heat to transfer comprises 
increasing a permeability 7 of a majority of the selectecy section to greater than about 1 00 
millidarcy. 

10 407. The method of claim 374, wherein allowing the heat to transfer comprises 

substantially uniformly increasing a permeability jof a majority of the selected section. 

i 408. The method of claim 374, further comprising controlling the heat to yield greater 
0 than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



S M5 
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409. The method of claim 374. wherein producing the mixture comprises producing 

/ 

the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

/ 

i 

410. The method of claim 374, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in aAuiit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



25 41 1. The method of claim 374, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 
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412. A method of treating a coal formation in situ, comprising: 



275 Conle\ . Rose & Tayon. P C 



ufat 



providing heat from one or more heat sources y6 at least a portion of the 
formation; 

allowing the heat to transfer from the one ok more heat sources to a selected 
section of the formation such that superimposed heat from the one or more heat sources 
pyrolyzes at least about 20 % by weight of hydrocarbons within the selected section of 
the formation; and 

producing a mixture from the formation. 



413. The method of claim 412, wherein the one or more heat sources comprise at least 
10 two heat sources, and wherein superposit/on of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons vtfthin the selected section of the formation. 
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414. The method of claim 412, wherein controlling formation conditions comprises 
maintaining a temperature within the/ selected section within a pyrolysis temperature 
range, 

415. The method of claim 412, ,wherein the one or more heat sources comprise 
electrical heaters. 

416. The method of claim 41/2, wherein the one or more heat sources comprise surface 
burners. 

417. The method of claim/412, wherein the one or more heat sources comprise 
flameless distributed combptors. 

418. The method of cla/m 412, wherein the one or more heat sources comprise natural 
distributed combustors. 



419. The method of claim 412, further comprising controlling a pressure and a 
30 temperature within at least a majority of the selected section of the formation, wherein 
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the pressure is controlled as a function of temperature, or tj*e temperature is controlled as 
a function of pressure. 

420. The method of claim 412, further comprising/controlling the heat such that an 
average heating rate of the selected section is less tpan about 1 °C per day during 
pyrolysis. 

42 1 . The method of claim 412, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (F) of theycoal formation from the one or more heat 
sources, wherein the formation has an average heat capacity 7 (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons witllin the selected volume of the formation; and 

wherein heating energy/day prov/ded to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

p wr = h*V*C v *p B 

wherein Pwr is the heating enefrgy/day. h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

422. The method of claim 412, wherein allowing the heat to transfer comprises 
transferring heat substantially by Conduction. 

423. The method of claim 412f, wherein providing heat from the one or more heat 
sources comprises heating the selected formation such that a thermal conductivity of at 
least a portion of the selected section is greater than about 0.5 W/(m °C). 



424. The method of claim 4 
hydrocarbons having an API 



2, wherein the produced mixture comprises condensable 
gravity of at least about 25°. 
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425. The method of claim 412. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. ; ; : \ 

■i "t 
I > 
f V 

5 426. The method of claim 412. wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0. 1 °ja by weight to about 1 5 % by weight 
of the non-condensable hydrocarbons are olefins. 

427. The method of claim 412, wherein the produced mixture comprises non- 
10 condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



,15 



428. The method of claim 412. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 °/Jby weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



%0 



429. The method of claim 412, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about l/% by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

430. The method of claim 412. wherein pe produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is/ sulfur. 



25 43 1 . The method of claim 412. whereip the produced mixture comprises condensable 



hvdrocarbons. wherein about 5 % bv we 



hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenoh . 



ght to about 30 % by weight of the condensable 
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432. The method of claim 412. wherein the produced.mixturexomprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. / i 



433. The method of claim 412. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 %/by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

434. The method of claim 412, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0/3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

435. The method of claim 412. wherein khe produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by ^weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



436. The method of claim 412. wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogeip is less than about 80 % by volume of the non- 
condensable component. 



437. The method of claim 412, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 %/by weight of the produced mixture is ammonia. 



438. The method of claim 412/ wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 



439. The method of claim 4 
a majority of the selected section 
least about 2.0 bar absolute. 



further comprising controlling a pressure within at least 
of the formation, wherein the controlled pressure is at 
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440. The method of claim 412, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and fy, herein a partial pressure of 
within the mixture is greater than about 0.5 bar. 

441. The method of claim 412, wherein the partial pressure of H2 is measured when the 
mixture is at a production well. 

442. The method of claim 412, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons fr^m the formation having carbon 
numbers greater than about 25. 

443. The method of claim 412, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 



444. The method of claim 4 1 2 5 further comprising: 

/ 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section witif heat from hydrogenation. 



445. The method of claim 412, wherein the produced mixture comprises hydrogen and 



condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at^east a portion of the produced hydrogen. 

1 

446. The method of claim 4 1 2, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of thejselected section to greater than about 100 
millidarcv. 



447. The method of claim 412, wherein 



owing the heat to transfer comprises 



substantially uniformly increasing a permeability of a majority of the selected section. 
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448. The method of claim 412, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons ; as measured by Fischer Assay. 



L 



449. The method of claim 412, wherein producing the/mixture comprises producing 
the mixture in a production well, and wherein at least apout 7 heat sources are disposed in 
the formation for each production well. 

450. The method of claim 412, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of h?at sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



45 1 . The method of claim 412, further comprising providing heat from three or more 
heat sources to at least a portion of the forma/ion, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 

/ 

sources comprises a triangular pattern, and wherein a plurality of the units are repeated 

452. A method of treating a coal fojmatipn in situ, comprising: 
providing heat from one or more h^at sources to at least a portion of the 

formation; / i 

allowing the heat to transfer from tne one or more heat sources to a selected 
section of the formation such that/superimposed heat from the one or more heat sources 
pyrolyzes at least about 20 % of/hydrocarbcpns within the selected section of the 
formation; and 

producing a mixture fr6m the formation, wherein the mixture comprises a 
condensable component haviiig an API gravity of at least about 25°. 



oi/hydrocarb<j>r 



453. The method of claim 
two heat sources, and wherein 
pyrolyzes at least some hydrocarbons 



452, wherein the one or more heat sources comprise at least 
superposition of heat from at least the two heat sources 
within the selected section of the formation. 
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454. The method of claim 452. wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. 

5 455. The method of claim 452 ; wherein the one or mo/e heat sources comprise 
electrical heaters. 

456. The method of claim 452. wherein the one o^more heat sources comprise surface 
burners. 



10 
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457. The method of claim 452. wherein the one or more heat sources comprise 
flameless distributed combustors. 

458. The method of claim 452, wherein the one or more heat sources comprise natural 



HI 5 distributed combustors. 

O 



H 1 459. The method of claim 452, further comprising controlling a pressure and a 

2 / 

n temperature within at least a majority of the selected section of the formation, wherein 

J; the pressure is controlled as a function <jf temperature, or the temperature is controlled as 

jgo a function of pressure. 



460. The method of claim 452, further comprising controlling the heat such that an 

/ 

average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



461 . The method of claim 452. wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume! (I 7 ) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
30 pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
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equ^l 



wherein heating energy/day provided to the volume equ^l to or less than Pwi\ 
wherein Pwr is calculated by the equation: 
Pwr = h*V+C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein thg heating rate is less than about 1 0 
°C/dav. 



10 



462. The method of claim 452, wherein allowing thp heat to transfer comprises 
transferring heat substantially by conduction. 

463. The method of claim 452, wherein providing/ heat from the one or more heat 
sources comprises heating the setected section suchfthat a thermal conductivity of at least 
a portion of the selected section is greater than abcAit 0.5 W/(m °C). 



LJ 



J 5 464. The method of claim 452, wherein the produced mixture comprises condensable 

3 hydrocarbons, and wherein about 0. 1 % by weig/it to about 15 % by weight of the 

k condensable hydrocarbons are olefins. 

* 465. The method of claim 452, wherein the produced mixture comprises non- 

^20 condensable hydrocarbons, and wherein about 0. 1 % by weight to about 1 5 % by weight 

I of the non-condensable hydrocarbons are ole: 



30 



ins. 



466. The method of claim 452. wherein th 
condensable hydrocarbons, and wherein a m 

25 condensable hydrocarbons ranges from about 

467. The method of claim 452, wherein th 
hvdrocarbons. and wherein less than about 1 



; produced mixture comprises non- 
par ratio of ethene to ethane in the non- 
0.001 to about 0.15. 

produced mixture comprises condensable 
Yo by weight, when calculated on an atomic 



basis, of the condensable hydrocarbons is nitiogen 



/ 
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468. The method of claim 452, wherein the produced mixture comprises condensable 



hydrocarbons, and wherein less than about 1 % by yeight. when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



469. The method of claim 452. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % py weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulf 



470. The method of claim 452. wherein thef produced mixture comprises condensable 
10 hydrocarbons, wherein about 5 % by weight/to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing jtompounds, and wherein the oxygen 
containing compounds comprise phenols. 



471 . The method of claim 452, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds./ 

472. The method of claim 452, whafrein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

473. The method of claim 452, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

474. The method of claim 452. wherein the produced mixture comprises condensable 
hvdrocarbons, and wherein ab/mt 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



m 
M- 

G 
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30 475. The method of claim 
condensable component, w 



52. wherein the produced mixture comprises a non- 
herein the non-condensable component comprises hydrogen, 
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wherein the hydrogen is greater than about 1 0 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 



476. The method of claim 452, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

477. The method of claim 452. wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

478. The method of claim 452. further comprising controlling a pressure within at least 
a majority of the selected section of the formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. 

479. The method of claim 452 5 further/comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H 2 
within the mixture is greater than about 0.5 bar. 

480. The method of claim 452, wh/rein the partial pressure of H2 is measured when the 
mixture is at a production well. 

48 1 . The method of claim 452, Anther comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. / 

482. The method of claim 452, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 



483. The method of clairri 452, further comprising: 

providing hydrogery (H2) to the heated section to hydrogenate hydrocarbons 
within the section: and 
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heating a portion of the section with heat from hydrogenation. 



484. The method of claim 452. wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

/ \ 

485. The method of claim 452. wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 1 00 
millidarcv. 



O 

if! 
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486. The method of claim 452. wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority 7 of the selected section. 

487. The method of claim 452. further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hynrocarbons, as measured by Fischer Assay. 

488. The method of claim 452. wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

489. The method of claim 452, further/comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in i unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern/ 

490. The method of claim 452, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation fin a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 
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491 . A method of treating a layer of a coal formation/in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the layer. 

wherein the one or more heat sources are positioned proximate an edge of the layer: 
allowing the heat to transfer from the one or/more heat sources to a selected 
5 section of the layer such that superimposed heat fr6m the one or more heat sources 
pvrolyzes at least some hydrocarbons within the selected section of the formation: and 
producing a mixture from the formation^ 

492. The method of claim 491 , wherein the/one or more heat sources are laterally 
10 spaced from a center of the layer. 

493 . The method of claim 49 1 ; wherein /he one or more heat sources are positioned in 
I a staggered line. 



LU5 494. The method of claim 491, wherqin the one or more heat sources positioned 



U3 



proximate the edge of the layer can increase an amount of hydrocarbons produced per 
unit of energy input to the one or more^heat sources. 



p20 
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495. The method of claim 491 , wherein the one or more heat sources positioned 
proximate the edge of the layer can increase the volume of formation undergoing 

pyrolysis per unit of energy input to the one or more heat sources. 

/ 

496. The method of claim 491 Jwherein the one or more heat sources comprise 



electrical heaters. 



/ 
f 

il 
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497. The method of claim 4Sjjl , wherein the one or more heat sources comprise surface 
burners. 



30 



498. The method of claim 491 5 wherein the one or more heat sources comprise 
flameless distributed combustors. 
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499. The method of claim 491 , wherein the one or more heat sources comprise natural 
distributed combustors. /' 



500. The method of claim 49 L further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

501 . The method of claim 491 , further comprising controlling the heat such that an 
average heating rate of the selected section is^ess than about 1 .0 0 C per day during 
pyrolysis. 

502. The method of claim 491 . wherein providing heat from the one or more heat 
sources to at least the portion of the layer comprises: 

heating a selected volume (I 7 ) of me coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ). and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B j 

wherein Pwr is the heating energv/dav, h is an average heating rate of the 

/ 

formation, ps is formation bulk deiisity, and wherein the heating rate is less than about 1 0 
°C/day. 

503. The method of claim 49 1/ wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section/is greater than about 0.5 W/(m °C). 

504. The method of claim 491 s wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 
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505. The method of claim 491 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

506. The method of claim 491 , wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about O.OOfl to about 0.15. 

507. The method of claim 491 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 %^by weight, when calculated on an atomic 

-——7- 

508. The method of claim 491 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about \j% by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

509. The method of claim 491, wherein/the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



510. The method of claim 491, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by vveight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



511. The method of claim 49 1 , \|herein the produced mixture comprises condensable 
hydrocarbons, and wherein greaterjthan about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 
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512. The method of claim 491 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



513. The method of claim 491 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 °/<fby weight of the condensable 
hydrocarbons are asphaltenes. 

514. The method of claim 49 1 , wherein ther produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanesr. 

515. The method of claim 49 1 , whereirf the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen i( less than about 80 % by volume of the non- 
condensable component. 



516. The method of claim 49 1 , wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



5 1 7. The method of claim 491 , wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

518. The method of claim 49 U, further comprising controlling a pressure within at least 
a majority of the selected sectic^h of the formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. 

519. The method of claim 491, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H 2 , wherein a partial pressure of H 2 
within the mixture is greater than about 0.5 bar. 
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520. The method of claim 5 1 9, wherein the partial pressure of H2 is measured when the 
mixture is at a production well. ' 

5 521. The method of claim 491 , further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons |rom the formation having carbon 
numbers greater than about 25. 

522. The method of claim 491 , further comprising controlling formation conditions. 
; 1 0 wherein controlling formation conditions comprises recirculating a portion of hydrogen 
from the mixture into the formation. 

Q 523 . The method of claim 49 1 , further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
4E5 within the section; and 

q heating a portion of the section with heat from hydrogenation. 

s 524. The method of claim 491, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
R2o produced condensable hydrocarbons witti at least a portion of the produced hydrogen. 



rs 



™ 525 . The method of claim 49 1 , wherein allowing the heat to transfer comprises 

increasing a permeability of a majority/of the selected section to greater than about 1 00 
millidarcy. / 

/ 

f 

526. The method of claim 491 , wherein allowing the heat to transfer comprises 
substantially uniformly increasing a/permeability of a majority of the selected section. 

527. The method of claim 491 , further comprising controlling the heat to yield greater 
30 than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



291 



Conley. Rose & Tavon. P C 



528. The method of claim 491 , wherein producing the mixture coniprises producing 
the mixture in a production well, and wherein at least about / heat sources are disposed in 
the formation for each production well. 



529. The method of claim 491 , further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



10 
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530. The method of claim 491 , further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of hdat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive/pattern of units. 

531. A method of treating a coal formation im situ, comprising: 

providing heat from one or more heat ^ources to at least a portion of the 
formation; 

allowing the heat to transfer from the/one or more heat sources to a selected 
section of the formation; and 

controlling a pressure and a temperature within at least a majority of the selected 
section of the formation, wherein the pressure is controlled as a function of temperature, 
or the temperature is controlled as a function of pressure; and 

producing a mixture from the formation. 

532. The method of claim 53 1 , wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons vithin the selected section of the formation. 



V 
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533. The method of claim 53 1 , wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. 1 

534. The method of claim 53 1 , wherein the one or more heat sources comprise 
electrical heaters. 

535. The method of claim 53 1 , wherein the one or i^ore heat sources comprise surface 
burners. 

536. The method of claim 53 1, wherein the one qf more heat sources comprise 
flameless distributed combustors. 

537. The method of claim 53 1 , wherein the on£ or more heat sources comprise natural 
distributed combustors. 

538. The method of claim 53 1 , further comprising controlling the heat such that an 
average heating rate of the selected section is /ess than about 1 °C per day during 
pyrolysis. 



539. The method of claim 53 1 , wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of thfe coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (Cv), and wherein the 
heating pyrolyzes at least some hydrocarjbons within the selected volume of the 
formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pnr 9 
wherein Pwr is calculated by the equat on: 
Pwr = /i*K*C v % 
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wherein Pmt is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 1 0 

°C/day. 

540. The method of claim 531, wherein allowing the he^t to transfer comprises 
transferring heat substantially by conduction. 

54 1 . The method of claim 53 1 , wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

542. The method of claim 53 1 , wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

543. The method of claim 53 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weigljt to about 1 5 % by weight of the 
condensable hydrocarbons are olefins. 

544. The method of claim 53 1 , wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein abouyO.l % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 

545. The method of claim 53 1 , wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from ahput 0.001 to about 0.15. 



546. The method of claim 531, whereip the produced mixture comprises condensable 
hydrocarbons, and wherein less than ab</ut 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons fes nitrogen. 
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547. The method of claim 53 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

548. The method of claim 53 1 „ wherein the produced Anixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

549. The method of claim 53 1 , wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compoipids, and wherein the oxygen 
containing compounds comprise phenols. 

550. The method of claim 53 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 2(f % by weight of the condensable 
hydrocarbons are aromatic compounds. 

551. The method of claim 53 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

552. The method of claim 53 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than aboutf 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



553. The method of claim 53 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % b( weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

554. The method of claim 53 1 , wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
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wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. / 



555. The method of claim 53 1 , wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



556. The method of claim 53 1 , wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer.) 

557. The method of claim 53 1 , wherein the cqntrolled pressure is at least about 2.0 bar 
absolute. 

558. The method of claim 53 1 , further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H 2 , wherein a partial pressure of H 2 
within the mixture is greater than about 0.5 bar. 

/ 

559. The method of claim 531, wherein /the partial pressure of H 2 is measured when the 
mixture is at a production well. / 

/ 

560. The method of claim 53 1 , further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

56 1 . The method of claim 53 1 , wherein controlling formation conditions comprises 
recirculating a portion of hydrogen/from the mixture into the formation. 

562. The method of claim 53 1 , farther comprising: 
providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with heat from hydrogenation. 
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563. The method of claim 53 1 , wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least amnion of the produced hydrogen. 



564. The method of claim 53 1 , wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 1 00 
millidarcy. / 

565. The method of claim 531, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

566. The method of claim 531, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

567. The method of claim 53 1 , wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

568. The method of claim 53 1 , further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

569. The method of claim 53 1 , further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

570. A method of treating a coal formation in situ, comprising: 
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providing heat from one or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation to raise an average temperature/within the selected section to, or 
above, a temperature that will pyrolyze hydrocarbons within the selected section; 

producing a mixture from the formation; and 

controlling API gravity of the produced mixture to be greater than about 25 
degrees API by controlling average pressure and average temperature in the selected 
section such that the average pressure in the selected section is greater than the pressure 
(p) set forth in the following equation for an assessed average temperature (T) in the 
selected section: 

p = e H«t00T+67] 

where p is measured in psia and T is measured in * Kelvin. 

571 . The method of claim 570, wherein the API gravity of the produced mixture is 
controlled to be greater than about 30 degrees API, and wherein the equation is: 

p = Jf'3I000/T+5J] 



So 572. The method of claim 570, wherein the API gravity of the produced mixture is 
controlled to be greater than about 35 degrees API, and wherein the equation is: 



e 



[-22000/7 + 38] 



573 . The method of claim 570, wherein the one or more heat sources comprise at least 
25 two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbqns within the selected section of the formation. 



30 



574. The method of claim 570 ; 
maintaining a temperature in the 

575. The method of claim 570. 
electrical heaters. 



wherein controlling the average temperature comprises 
; elected section within a pyrolysis temperature range. 

wherein the one or more heat sources comprise 
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576. The method of claim 570, wherein the one or more heat sources comprise surface 
burners. 

5 577. The method of claim 570, wherein the one or/more heat sources comprise 
flameless distributed combustors. 



10 
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578. The method of claim 570, wherein the on? or more heat sources comprise natural 
distributed combustors. 

579. The method of claim 570, further comprising controlling a temperature within at 
least a majority of the selected section of the formation, wherein the pressure is 
controlled as a function of temperature, or tfye temperature is controlled as a function of 
pressure. 

580. The method of claim 570, further comprising controlling the heat such that an 
average heating rate of the selected sectiop is less than about 1 °C per day during 
pyrolysis. 



fy20 581. The method of claim 570, wherein providing heat from the one or more heat 
p sources to at least the portion of formation comprises: 

H heating a selected volume (V) of the coal formation from the one or more heat 

sources, wherein the formation has an average heat capacity (C v ) 9 and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
25 wherein heating energy/daV provided to the volume is equal to or less than Pwr, 

wherein Pwr is calculated by the Equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heatinfe energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 1 0 

30 °C/day. 
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582. The method of claim 570, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

/ 

583. The method of claim 570, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than About 0.5 W/(m °C). 

584. The method of claim 570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by^veight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



585. The method of claim 570, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0. 1 % by weight to about 1 5 % by weight 
of the non-condensable hydrocarbons are olefins. 



586. The method of claim 570, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

587. The method of claim 570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

588. The method of claim 570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less/than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



589. The method of claim 570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 
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590. The method of claim 570, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



591 . The method of claim 570, wherein i 
hydrocarbons, and wherein greater than ab 
hydrocarbons are aromatic compounds. 



produced mixture comprises condensable 
it 20 % by weight of the condensable 



10 592. The method of claim 570, whereiiji the produced mixture comprises condensable 
hydrocarbons, and wherein less than abcpt 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

593. The method of claim 570, whenein the produced mixture comprises condensable 
; 15 hydrocarbons, and wherein less than aponl 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



61 



594. The method of claim 570, wlierein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5f/o by weight to about 30 % by weight of the 
H20 condensable hydrocarbons are cycl'oalkanes. 



25 



30 



595. The method of claim 570/ wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greatetf than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 



596. The method of claim 
wherein greater than about C 



570, wherein the produced mixture comprises ammonia, and 
05 % by weight of the produced mixture is ammonia. 
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597. The method of claim 570, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 



598. The method of claim 570, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H : 
within the mixture is greater than about 0.5 ba 

599. The method of claim 570, wherein thje partial pressure of H2 is measured when the 
mixture is at a production well. 



600. The method of claim 570, further comprising altering^ pressure within the 



formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



601 . The method of claim 570, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen fronfi the mixture into the formation. 

602. The method of claim 570, rurttier comprising: 
providing hydrogen (H2) to th^ heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the sectioh with heat from hydrogenation. 

603. The method of claim 570, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



604. The method of claim 570,/wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 
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605. The method of claim 570, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



606. The method of claim 570, wherein the heat is controlled to yield greater than 
5 about 60 % by weight of condensable hydrocarbons, as/measured by Fischer Assay. 



10 
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607. The method of claim 570. wherein producin^the mixture comprises producing 
the mixture in a production well, and wherein at le^st about 7 heat sources are disposed in 
the formation for each production well. 

608. The method of claim 570, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit pf heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

609. The method of claim 570, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, abd wherein a plurality of the units are repeated 
over an area of the formation to form a/repetitive pattern of units. 



610. A method of treating a coal formation in situ, comprising: 

providing heat to at least a portion of a coal formation such that a temperature (7) 
in a substantial part of the heated Portion exceeds 270 °C and hydrocarbons are pyrolyzed 
25 within the heated portion of the formation; 

controlling a pressure within at least a substantial part of the heated portion of 
the formation; 

whereinp 6flr >e^^ /r t B - 267 ^; 

wherein p is the pressurfe in bar absolute and T is the temperature in degrees K ; 
30 and A and B are parameters that are larger than 1 0 and are selected in relation to the 
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characteristics and composition of the coal formation and on the required olefin content 
and carbon number of the pyrolyzed hydrocarbon fluids; and 

producing pyrolyzed hydrocarbon fluids/from the heated portion of the formation. 



611. The method of claim 610, wherein A as greater than 14000 and B is greater than 
about 25 and a majority of the produced pyrolyzed hydrocarbon fluids have an average 
carbon number lower than 25 and comprise less than about 10 % by weight of olefins. 

612. The method of claim 610, wherein Tis less than about 390 p is greater than 
about 1 .4 bar, A is greater than about 44000, and b is greater than about 67, and a 
majority of the produced pyrolyzed Hydrocarbon fluids have an average carbon number 
less than 25 and comprise less than A 0 % by weight of olefins. 

613. The method of claim 610,/wherein Tis less than about 390 °C, p is greater than 
about 2 bar, A is less than about 57000, and b is less than about 83, and a majority of the 
produced pyrolyzed hydrocarbop fluids have an average carbon number lower than about 
21. 

614. The method of claim 610, further comprising controlling the heat such that an 
average heating rate of the heated portion is less than about 3°C per day during 
pyrolysis. 



615. The method of clai/n 610, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the for/nation has an average heat capacity (C v ), and wherein the heating 



pyrolyzes at least some 
wherein heating 

wherein Pwr is calcula 
Pwr = h*V*C v * 



ydrocarbons within the selected volume of the formation; and 
energy/day provided to the volume is equal to or less than Pwr, 
ed by the equation: 
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wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 1 0 

°C/day. 

616. The method of claim 610, wherein /heat is transferred substantially by conduction 
from one or more heat sources located in /)ne or more heat sources to the heated portion 
of the formation. 
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617. The method of claim 616, wheflein the heat sources comprise heaters in which 
hydrocarbons are either injected into af heaters or released by the coal formation adjacent 
to a heater by an oxidant injected intofthe heater in or adjacent to which the combustion 
occurs and wherein at least part of thk produced combustion gases are vented to surface 
via the heater in which the combustion occurs. 

618. The method of claim 617, wherein heat is transferred substantially by conduction 
from one or more heat sources to the heated portion of the formation such that the 
thermal conductivity of at least part of the heated portion is substantially uniformly 
modified to a value greater than about 0.6 W/m °C and the permeability of said part 
increases substantially uniformly jto a value greater than 1 Darcy. 

619. The method of claim 610i further comprising controlling formation conditions to 
produce a mixture of hydrocarbon fluids and H2> wherein a partial pressure of H2 within 
the mixture flowing through thef formation is greater than 0.5 Bar. 



25 620. The method of claim 619, further comprising, hydrogenating a portion of the 
produced pyrolyzed hydrocaraon fluids with at least a portion of the produced hydrogen 
and heating the fluids with heat from hydrogenation . 



621 . The method of claim 611), wherein the coal formation is a coal seam and at least 
30 about 70% of the hydrocarbon dontent of the coal, when such hydrocarbon content is 
measured by a Fischer assay, is produced from the heated portion of the formation. 
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622. The method of claim 610, wherein the substantially /gaseous pyrolyzed 
hydrocarbon fluids are produced from a production well, the method further comprising 
heating a wellbore of the production well to inhibit condejnsation of the hydrocarbon 
fluids within the wellbore. 

623. A method of treating a coal formation in situ, comprising: 
providing heat from one or more heat sources t<p at least a portion of the 

formation; 

allowing the heat to transfer from the one or rriore heat sources to a selected 
section of the formation to raise an average temperature within the selected section to, or 
above, a temperature that will pyrolyze hydrocarboi^ within the selected section; 

producing a mixture from the formation; and 

controlling a weight percentage of olefins af the produced mixture to be less than 
about 20 % by weight by controlling average pressure and average temperature in the 
selected section such that the average pressure in/the selected section is greater than the 
pressure (p) set forth, in the following equation fpr an assessed average temperature (7) in 
the selected section: 

p = e r-57<toov^83j 
where p is measured in psia and T is measured in * Kelvin. 

624. The method of claim 623, wherein thje weight percentage of olefins of the 
produced mixture is controlled to be less th^h about 10 % by weight, and wherein the 
equation is: 

„ _ J-i600orr+ 28] 
p — et 



625. The method of claim 623, whereirJthe weight percentage of olefins of the 
produced mixture is controlled to be less han about 5 % by weight, and wherein the 



equation is: 



[-I2000T-22] 
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626. The method of claim 623, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected/section of the formation. 

627. The method of claim 623, wherein the one orymore heat sources comprise 
electrical heaters. 

628. The method of claim 623, wherein the oijk or more heat sources comprise surface 
burners. 

629. The method of claim 623, wherein th^t one or more heat sources comprise 
flameless distributed combustors. 

630. The method of claim 623, wherein ^the one or more heat sources comprise natural 
distributed combustors. 



63 1 . The method of claim 623, further comprising controlling a temperature within at 
least a majority of the selected section of the formation, wherein the pressure is 
controlled as a function of temperature/ or the temperature is controlled as a function of 
pressure. 



632. The method of claim 63 1 , wherein controlling an average temperature comprises 
maintaining a temperature within thi selected section within a pyrolysis temperature 
range. 



633. The method of claim 623, [further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 3.0 °C per day during 
pyrolysis. 
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634. The method of claim 623, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °p1>er day during 
pyrolysis. 

635. The method of claim 623, wherein providing hea/from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v )» and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to tpe volume is equal to or less than /Vr. 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and /wherein the heating rate is less than about 10 
°C/day. / 

/ 

636. The method of claim 623, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



637. The method of claim 623, wherein providing heat from the one or more heat 
sources comprises heating the selected formation such that a thermal conductivity of at 
least a portion of the selected section/is greater than about 0.5 W/(m °C). 



638. The method of claim 623, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

639. The method of claim 62i, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are /olefins. 
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640. The method of claim 623, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0. 1 % by weight to about 1 5 % by weight 
of the non-condensable hydrocarbons are olefins. 

64 1 . The method of claim 623, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 /to about 0.15. 



642. The method of claim 623, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

□ 643. The method of claim 623, wherein the^ produced mixture comprises condensable 

y3 ■ / 

rQ hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
+T5 basis, of the condensable hydrocarbons is oxygen. 

m i 

j\ 644. The method of claim 623, wherein/the produced mixture comprises condensable 

i 

s_ hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

p / 
jf basis, of the condensable hydrocarbons is sulfur. 

645. The method of claim 623, wherein the produced mixture comprises condensable 

hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 

/ 

hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 



25 



containing compounds comprise phenols. 

/ 

i 

646. The method of claim 623, ^herein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 
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647. The method of claim 623, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

648. The method of claim 623, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 fo by weight of the condensable 
hydrocarbons are asphaltenes. 



649. The method of claim 623, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by v/eight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



650. The method of claim 623, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen/is less than about 80 % by volume of the non- 
condensable component. 



65 1 . The method of claim 623, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



652. The method of claim 623, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 



653. The method of claim 623, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H 2 , wherein a partial pressure of H 2 



within the mixture is greater th 



an about 0.5 bar. 



654. The method of claim 623, wherein the partial pressure of H 2 is measured when the 
mixture is at a production well. 
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655. The method of claim 623, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

656. The method of claim 623, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

657. The method of claim 623, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of the section with hea/ from hydrogenation. 

658. The method of claim 623, wherein the/produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

659. The method of claim 623, where/n allowing the heat to transfer comprises 
increasing a permeability of a majority/of the selected section to greater than about 100 
millidarcy. / 

660. The method of claim 623, wherein allowing the heat to transfer comprises 
substantially uniformly increasing k permeability of a majority of the selected section. 

661 . The method of claim 623 /further comprising controlling the heat to yield greater 
than about 60 % by weight of cohdensable hydrocarbons, as measured by Fischer Assay. 

662. The method of claim 62B, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 
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663. The method of claim 623, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

664. The method of claim 623, further composing providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wnerein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



665. A method of treating a coal formation in situ, comprising: 

providing heat from one or more heat sources to at least a portion of the 

formation; j 

allowing the heat to transfer from the one or more heat sources to a selected 

section of the formation to raise an average temperature within the selected section to, or 

above, a temperature that will pyrolyze hydrocarbons within the selected section; 
producing a mixture from the formation; and 

controlling hydrocarbons having carbon numbers greater than 25 of the produced 
mixture to be less than about 25 % ^y weight by controlling average pressure and average 
temperature in the selected section such that the average pressure in the selected section 
is greater than the pressure (p) seUbrth in the following equation for an assessed average 
temperature (7) in the selected section: 

p = e N4000rr + 25] 

where p is measured in psia and/ T is measured in * Kelvin. 



666. The method of claim 665, wherein the hydrocarbons having carbon numbers 
greater than 25 of the produced mixture is controlled to be less than about 20 % bv 



weight, and wherein the equation is 



p = e f-J6000T^28J 
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667. The method of claim 665, wherein the hydrocarbons having carbon numbers 
greater than 25 of the produced mixture is controlled to be less than about 1 5 % by 
weight, and wherein the equation is: 

= e H8000T-32] 

I 

668. The method of claim 665, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition/of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

10 669. The method of claim 665, whereby the one or more heat sources comprise 
electrical heaters. 

□ 670. The method of claim 665, wherein the one or more heat sources comprise surface 
S burners. 



4*5 
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671 . The method of claim 665, wherein the one or more heat sources comprise 
flameless distributed combustors. 



^ 672. The method of claim 665, yherein the one or more heat sources comprise natural 
Rio distributed combustors. 



673 . The method of claim 665, further comprising controlling a temperature within at 
least a majority of the selected section of the formation, wherein the pressure is 
controlled as a function of temperature, or the temperature is controlled as a function of 
25 pressure. 



674 . The method of claim/673 , wherein controlling the temperature comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. 

30 
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675. The method of claim 665, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



676. The method of claim 665, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (F) of the coav formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr. 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 1 0 
°C/day. 



677. The method of claim 665, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



678. The method of claim 665, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



679. The method of claim 665, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



680. The method of claim 665, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1|°/o by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 
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681 . The method of claim 665, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio/of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 io about 0.15. 



682. The method of claim 665. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitroge 



683. The method of claim 665, wherein the produced mixture comprises condensable 
-10 hydrocarbons, and wherein less than about 1 % py weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

o 684. The method of claim 665, wherein the/produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 r/o by weight, when calculated on an atomic 
Hhl 5 basis, of the condensable hydrocarbons is su/fur. 

O 

^ 685. The method of claim 665, wherein fhe produced mixture comprises condensable 

r. hydrocarbons, wherein about 5 % by weidnt to about 30 % by weight of the condensable 

Q 7 

]p hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 

11120 containing compounds comprise phenols. 



686. The method of claim 665, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater thah about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

687. The method of claim 665, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less th^h about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 
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688. The method of claim 665, wherein the produced'mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by,weight of the condensable 
hydrocarbons are asphaltenes. 

689. The method of claim 665, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

690. The method of claim 665, wherein me produced mixture comprises a non- 
condensable component, wherein the non*ondensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen if less than about 80 % by volume of the non- 
condensable component. 

691 . The method of claim 665, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

692. The method of claim 665, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

693. The method of claim 665, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H 2 , wherein a partial pressure of H 2 
within the mixture is greater than about 0.5 bar. 

694. The method of claiW665, wherein the partial pressure of H 2 is measured when the 
mixture is at a production Well. 

695. The method of claifn 665, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 
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696. The method of claim 665, further comprising: 

providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of the section with heat from hydrogenation. 

5 / 

697. The method of claim 665, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

10 698. The method of claim 665, wherein allowing the heat to transfer comprises 

increasing a permeability of a majority oj[ the selected section to greater than about 1 00 
millidarcy. 

699. The method of claim 665, whefein allowing the heat to transfer comprises 
: 15 substantially uniformly increasing a permeability of a majority of the selected section. 



u 



700. The method of claim 665, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



fy 20 701 . The method of claim 665, wherein producing the mixture comprises producing 
Jj? the mixture in a production well, /and wherein at least about 7 heat sources are disposed in 
M> the formation for each production well. 



25 
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702. The method of claim 665, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the for/nation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



703 . The method of clain i 
heat sources to at least a 
sources are located in the 



665, further comprising providing heat from three or more 
portion of the formation, wherein three or more of the heat 
formation in a unit of heat sources, wherein the unit of heat 
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sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern/of units. 

704. A method of treating a coal formation in situycpmprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; / 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation to raise an average temperature within the selected section to, or 
above, a temperature that will pyrolyze hydrocarbons within the selected section; 

producing a mixture from the formation; and 

controlling an atomic hydrogen to carbon ratio of the produced mixture to be 
greater than about 1 .7 by controlling average pressure and average temperature in the 
selected section such that the average pressure in the selected section is greater than the 
pressure (p) set forth in the following equation for an assessed average temperature (7) in 

the selected section: / 

p = e l-3800orr + 6i] 

where p is measured in psia and T is/measured in ° Kelvin. 

705. The method of claim 704, wherein the atomic hydrogen to carbon ratio of the 
produced mixture is controlled to be greater than about 1.8, and wherein the equation is: 

/ p = e V 3000.7+24]^ 

706. The method of claim 704, wherein the atomic hydrogen to carbon ratio of the 
produced mixture is controlled to be greater than about 1.9, and wherein the equation is: 

p = e f-8000/T+ 18] 

707. The method of claim 7 )4, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 
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708. The method of claim 704, wherein the one or more heat sources comprise 
electrical heaters. 

/ 
/ 

/ 

/ 

709. The method of claim 704, wherein the ope or more heat sources comprise surface 
5 burners. 

710. The method of claim 704, wherein thqf one or more heat sources comprise 
flameless distributed combustors. 

10 711. The method of claim 704, wherein j4ie one or more heat sources comprise natural 
distributed combustors. 



4=15 



712. The method of claim 704, further/comprising controlling a temperature within at 
least a majority of the selected section of the formation, wherein the pressure is 
controlled as a function of temperature,/or the temperature is controlled as a function of 
pressure. 



713. The method of claim 712, wherein controlling the temperature comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 



^20 range. 
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714. The method of claim 704,/further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



715. The method of claim 7©4, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
30 pyrolyzes at least some hydrc carbons within the selected volume of the formation; and 
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wherein heating energy/day provided to the volume is equal to or less than Pm /\ 
wherein Pmt is calculated by the equation: 
Pwr = h*V*C v p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 1 0 
°C/dav. 



716. The method of claim 704, whereinallowing the heat to transfer comprises 
transferring heat substantially by conduction. 



717. The method of claim 704, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

718. The method of claim 704, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



719. The method of claim 704, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

720. The method of claim 704, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 



72 1 . The method of claim ^704, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 
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722. The method of claim 704, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight! when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

5 723. The method of claim 704, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygei 1 

724. The method of claim 704, wherein tha produced mixture comprises condensable 
10 hydrocarbons, and wherein less than about V % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

O 725. The method of claim 704, wherein the produced mixture comprises condensable 
r? hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 

*pi5 hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 

M 1 / 
f*% containing compounds comprise phenols. 



m 

s 

Q 
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726. The method of claim 704, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 



J20 hydrocarbons are aromatic compounds. 



727. The method of claim 704, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

728. The method of claim 704, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphal/enes. 
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729. The method of claim 704, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to ibout 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. / 

730. The method of claim 704, wherein the produced mixture comprises a non- 
condensable component, wherein the non^ondensable component comprises hydrogen, 
wherein the hydrogen is greater than about W % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. / 

73 1 . The method of claim 704, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

732. The method of claim 704, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

733. The method of claim 704, furtner comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

734. The method of claim 704, wherein the partial pressure of H2 is measured when the 
mixture is at a production well. / 

735. The method of claim 704, further comprising altering a pressure within the 
formation to inhibit production oij hydrocarbons from the formation having carbon 
numbers greater than about 25. 

736. The method of claim 70- 
recirculating a portion of hydroj 

737. The method of claim 704, further comprising: 



wherein controlling formation conditions comprises 
ien from the mixture into the formation. 
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providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat /from hydrogenation. 

/ 

738. The method of claim 704, wherein the p'roduced mixture comprises hydrogen and 
condensable hydrocarbons, the method further/comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

739. The method of claim 704, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of tne selected section to greater than about 100 
millidarcy. / 

740. The method of claim 704, whereirJ allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

741 . The method of claim 704, furtherf comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

742. The method of claim 704, wheyein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

743. The method of claim 704, further comprising providing heat from three or more 
heat sources to at least a portion of ithe formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

744. The method of claim 704, further comprising providing heat from three or more 
heat sources to at least a portion o 'the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 



323 



Conlcy. Rose & Tayon. P C 



sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



745. A method of treating a coal formation uysitu, comprising: 

providing heat from one or more heat sources to at least one portion of the 
formation; 

allowing the heat to transfer from the £ne or more heat sources to a selected 
section of the formation; 

controlling a pressure-temperature relationship within at least the selected section 
of the formation by selected energy input mto the one or more heat sources and by 
pressure release from the selected sectionjthrough wellbores of the one or more heat 
sources; and 

producing a mixture from the forination. 



746. The method of claim 745, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 



747. The method of claim 745, >ynerein the one or more heat sources comprise at least 
two heat sources. 

748. The method of claim 745/ wherein the one or more heat sources comprise surface 
burners. 

749. The method of claim 745, wherein the one or more heat sources comprise 
flameless distributed combustprs. 



750. The method of claim 
distributed combustors. 



745, wherein the one or more heat sources comprise natural 
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75 1 . The method of claim 745, further comprising controlling the pressure-temperature 
relationship by controlling a rate of removal of fluid from the formation. 

752. The method of claim 745, further comprising controlling the heat such that an 
average heating rate of the selected section is less th^n about 1 °C per day during 
pyrolysis. 



753. The method of claim 745, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 

sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 

/ 

pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
wherein heating energy/day provided to the volume is equal to or less than Pwr. 

wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and/ wherein the heating rate is less than about 10 
°C/day. 



754. The method of claim 745, wherein /allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



755. The method of claim 745, wherein providing heat from the one or more heat 
sources comprises heating the selected/section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



756. The method of claim 745, wherein 
hydrocarbons having an API gravity £f 



the produced mixture comprises condensable 
at least about 25°. 
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757. The method of claim 745, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 ? 
condensable hydrocarbons are olefins. 



hydrocarbons, and wherein about 0.1 % by weight t(/about 15 % by weight of the 



758. The method of claim 745, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0./l % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefmd 

759. The method of claim 745, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from abouy 0.001 to about 0.15. 

760. The method of claim 745, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about/l % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is/nitrogen. 



761 . The method of claim 745, wherein the produced mixture comprises condensable 

/ 

hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

/ 

basis, of the condensable hydrocarbons is oxygen. 



762. The method of claim 745, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



763. The method of claim 745, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 p by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 
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764. The method of claim 745, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 



hydrocarbons are aromatic compounds. 



/ 



5 765. The method of claim 745, wherein theproduced mixture comprises condensable 
hydrocarbons, and wherein less than about 5j% by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

766. The method of claim 745, wherein/the produced mixture comprises condensable 
10 hydrocarbons, and wherein less than aboi/t 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



767. The method of claim 745, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % py weight to about 30 % by weight of the 
condensable hydrocarbons are cycloafkanes. 



FH20 



768. The method of claim 745, wherein the produced mixture comprises a non- 
condensable component, wherein trie non-condensable component comprises hydrogen, 
wherein the hydrogen is greater tttan about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 



25 



769. The method of claim 745, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0/05 % by weight of the produced mixture is ammonia. 

770. The method of claim 745, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 



771. The method of c] 'aim 745, further comprising controlling a pressure within at least 
30 a majority of the selected section of the formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. 
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772. The method of claim 745, further comprising controlling formation conditions to 
produce a mixture of hydrocarbon fluids and Ifi, wherein the partial pressure of H 2 within 
the mixture is greater than about 0.5 bar. 

5 

773. The method of claim 745, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and Fh, wherein a partial pressure of H: 
within the mixture is greater than about/0.5 bar. 

10 774. The method of claim 745, wh/rein the partial pressure of H 2 is measured when the 
mixture is at a production well. 



4E5 

b 
en 



775. The method of claim 745, further comprising altering a pressure within the 
formation to inhibit production of/hydrocarbons from the formation having carbon 
numbers greater than about 25. 

776. The method of claim 744, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

777. The method of claim 'MS, further comprising: 
providing hydrogen (Jk) to the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of /the section with heat from hydrogenation. 



25 778. The method of claim 745, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



779. The method of 
30 increasing a permeability 
millidarcy. 



aim 745, wherein allowing the heat to transfer comprises 
of a majority of the selected section to greater than about 100 
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780. The method of claim 745, wherein allowing the heat to transfer comprises 

substantially uniformly increasing a permeability of a majority of the selected section. 

/ 
/ 

/ 

781 . The method of claim 745, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

782. The method of claim 745, wherein producing the mixture comprises producing 
the mixture in a production well, and whprein at least about 7 heat sources are disposed in 
the formation for each production well. 

783. The method of claim 745, fitrthpr comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation i^ a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular patter 

784. The method of claim 745, further comprising providing heat from three or more 
heat sources to at least a portion of ihe formation, wherein three or more of the heat 
sources are located in the formatioA in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

785. A method of treating a coal formation in situ, comprising: 

heating a selected volume (V)bf the coal formation, wherein formation has an average 
heat capacity (C v ) s and wherejin the heating pyrolyzes at least some hydrocarbons within 
the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated py the equation: 

Pwr = **F*C V % 

wherein Pwr is the hdating energy/day, h is an average heating rate of the formation, 
p B is formation bulk density, and wherein the heating rate is less than about 10 °C/day. 
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786. The method of claim 785, wherein heating a selected volume comprises heating 
with an electrical heater. 

787. The method of claim 785, wherein heating/a selected volume comprises heating 
with a surface burner. 

788. The method of claim 785, wherein heaffng a selected volume comprises heating 
with a flameless distributed combustor. 

789. The method of claim 785 , wherein h/eating a selected volume comprises heating 
with a natural distributed combustors. 

790. The method of claim 785, further Comprising controlling a pressure and a 
temperature within at least a majority of the selected volume of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 



% 79 1 . The method of claim 785, further comprising controlling the heating such that an 
^20 average heating rate of the selected volume is less than about 1 °C per day during 

p pyrolysis. 

792. The method of claim 785/wherein a value for C v is determined as an average heat 
capacity of two or more sampled taken from the coal formation. 
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793. The method of claim 7 



transferring heat substantially [by conduction. 



794. The method of claim 
30 the selected section such that 



5, wherein heating the selected volume comprises 



785, wherein heating the selected volume comprises heating 
a thermal conductivity of at least a portion of the selected 



section is greater than about 0.5 W/(m °C). 
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795. The method of claim 785, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

796. The method of claim 785, wherein the/produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. / 

797. The method of claim 785, whereiiythe produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 

798. The method of claim 785, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherem a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

799. The method of claim 785, whjerein the produced mixture comprises condensable 
hydrocarbons, and wherein less thanf about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

800. The method of claim 785, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

80 1 . The method of claim 78p, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein lesfe than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

802. The method of claim ''85, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
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hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. / 

803. The method of claim 785, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 by weight of the condensable 
hydrocarbons are aromatic compounds. 

804. The method of claim 785, wherein the Produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 Ao by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

805. The method of claim 785, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than abopt 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

806. The method of claim 785, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 %/by weight to about 30 % by weight of the 
condensable hydrocarbons are cyclozdkanes. 

807. The method of claim 785, wherein the produced mixture comprises a non- 

II 

condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

808. The method of claim 7JB5, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

809. The method of claim|785, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer 
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810. The method of claim 785, further comprising controlling a pressure within at least 
a majority of the selected volume of the formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. 



/ 

/ 

/ 



5 811. The method of claim 785, further comprising controlling formation conditions to 
produce a mixture from the formation comprising condensable hydrocarbons and H: : 
wherein a partial pressure of H 2 within the mixture is greater than about 0.5 bar. 

812. The method of claim 785, wherein pe partial pressure of H2 is measured when the 
10 mixture is at a production well. 

813. The method of claim 785, further/comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



814. The method of claim 785, wherein controlling formation conditions comprises 



M« recirculating a portion of hydrogen frim the mixture into the formation. 



jF 815. The method of claim 785, further comprising: 

j= 20 providing hydrogen (H 2 ) to jhe heated volume to hydrogenate hydrocarbons 

^ within the volume; and / 

heating a portion of the volume with heat from hydrogenation. 



8 1 6. The method of claim 785| wherein the produced mixture comprises hydrogen and 
25 condensable hydrocarbons, the method further comprising hydrogenating a portion of the 

produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

817. The method of claim 785, further comprising increasing a permeability of a 
majority of the selected volum^ to greater than about 100 millidarcy. 

30 
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818. The method of claim 785, further comprising substantially uniformly increasing a 
permeability of a majority of the selected volume. 



819. The method of claim 785, further comprisii/g controlling the heat to yield greater 
5 than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



10 



f*3 



m 



m 



^20 



820. The method of claim 785, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein^t least about 7 heat sources are disposed in 
the formation for each production well. 

82 1 . The method of claim 785, further o&mprising providing heat from three or more 
heat sources to at least a portion of the fo/mation, wherein three or more of the heat 
sources are located in the formation in a/unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

822. The method of claim 785, further comprising providing heat from three or more 
heat sources to at least a portion of tMe formation, wherein three or more of the heat 
sources are located in the formation/in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to fcjrm a repetitive pattern of units. 



823. A method of treating a obal formation in situ, comprising: 

providing heat from onp or more heat sources to at least a portion of the 
formation; 

25 allowing the heat to transfer from the one or more heat sources to a selected 

section of the formation to raise an average temperature within the selected section to, or 
above, a temperature that will pyrolyze hydrocarbons within the selected section; 

controlling heat oulput from the one or more heat sources such that an average 
heating rate of the selected section rises by less than about 3 °C per day when the average 

30 temperature of the selected section is at, or above, the temperature that will pyrolyze 
hydrocarbons within the < elected section; and 
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producing a mixture from the formation. 

824. The method of claim 823, controlling heat output comprises: 
raising the average temperature within the selected section to a first temperature 

that is at or above a minimum pyrolysis temperatujfe of hydrocarbons within the 
formation; 

limiting energy input into the one or mo/e heat sources to inhibit increase in 
temperature of the selected section; and 

increasing energy input into the formajfion to raise an average temperature of the 
selected section above the first temperature \yhen production of formation fluid declines 
below a desired production rate. 

825. The method of claim 823, controlling heat output comprises: 
raising the average temperature within the selected section to a first temperature 

that is at or above a minimum pyrolysis t/mperature of hydrocarbons within the 
formation; 

limiting energy input into the oAe or more heat sources to inhibit increase in 
temperature of the selected section; and 

increasing energy input into the formation to raise an average temperature of the 
selected section above the first temperature when quality of formation fluid produced 
from the formation falls below a desired quality. 

826. The method of claim 823 Jwherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section. 

827. The method of claim 8p, wherein the one or more heat sources comprise 
electrical heaters. 



828. The method of claim |823, wherein the one or more heat sources comprise surface 
burners. 
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829. The method of claim 823, wherein the one or more ^at sources comprise 
flameless distributed combustors. 



830. The method of claim 823, wherein the one o/more heat sources comprise natural 
distributed combustors. 

83 1 . The method of claim 823, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

832. The method of claim 823, wherein the heat is controlled that an average heating 
rate of the selected section is less than/about 1 .5 °C per day during pyrolysis. 

833. The method of claim 823, wherein the heat is controlled that an average heating 
rate of the selected section is less than about 1 °C per day during pyrolysis. 

834. The method of claim 823/ wherein providing heat from the one or more heat 
sources to at least the portion of/formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity. (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated b^ the equation: 

Pwr = h*V+C v *p B 

wherein Pwr is the/heating energy/day, h is an average heating rate of the 
formation, p B is formation/ bulk density. 

835. The method of clkim 823, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 
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836. The method of claim 823, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



837. The method of claim 823, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

838. The method of claim 823, wherein the produced mixture comprises condensable 
. hydrocarbons, and wherein about 0.1 %/by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



839. The method of claim 823, wherein the produced mixture comprises condensable 
hydrocarbons, wherein the condensable hydrocarbons have an olefin content is less than 
about 2.5 % by weight of the condensable hydrocarbons, and wherein the olefin content 
is greater than about 0.1 % by weight of the condensable hydrocarbons. 

/ 

840. The method of claim 823,' wherein the produced mixture comprises non- 
condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less than about 0.15, and wherein the ratio of ethene to 
ethane is greater than about 0.001 . 



84 1 . The method of claim 1823 , wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less than about 0.10 and wherein the ratio of ethene to 
ethane is greater than about 0.001 . 



842. The method of claim 823, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less than about 0.05 and wherein the ratio of ethene to 
ethane is greater than about 0.001 . 
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843. The method of claim 823, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by^weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



844. The method of claim 823, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about /% by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



10 845. The method of claim 823, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



3 846. The method of claim 823, wherein the produced mixture comprises condensable 
1,15 hydrocarbons, wherein about 5 % by/ weight to about 30 % by weight of the condensable 



hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



* 847. The method of claim 823 } wherein the produced mixture comprises condensable 
520 hydrocarbons, and wherein greater than about 20 % by weight of the condensable 

* hydrocarbons are aromatic compounds. 

848. The method of claim ,823, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
25 hydrocarbons comprises multi-ring aromatics with more than two rings. 



849. The method of claim 823, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

30 
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850. The method of claim 823, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



85 1 . The method of claim 823, wherein the produced mixture comprises a non- 
condensable component, wherein the non-cohdensable component comprises hydrogen, 
wherein the hydrogen is greater than about n 0 % by volume of the non-condensable 
component, and wherein the hydrogen is lpss than about 80 % by volume of the non- 
condensable component. 

852. The method of claim 823, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

853. The method of claim 823, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

854. The method of claim 823, Anther comprising controlling a pressure within at least 
a majority of the selected section <pf the formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. 

855. The method of claim 82Q, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H 2 , wherein a partial pressure of H 2 
within the mixture is greater tpan about 0.5 bar. 



856. The method of clainy 823, wherein the partial pressure of H 2 is measured when the 
mixture is at a production well. 



857. The method of claijn 
formation to inhibit product: 
numbers greater than about 



823, further comprising altering a pressure within the 
ion of hydrocarbons from the formation having carbon 

25. 
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858. The method of claim 823, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

859. The method of claim 823, further comprising: 

providing H2 to the heated section/to hydrogenate hydrocarbons within the 
section; and / 

heating a portion of the section With heat from hydrogenation. 

860. The method of claim 823, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

86 1 . The method of claim 823, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. / 

862. The method of claim 823, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

863. The method of claim 828, further comprising controlling the heat to yield greater 
than about 60 % by weight of pndensable hydrocarbons, as measured by Fischer Assay. 

864. The method of claim 
the mixture in a production \ 
the formation for each produ 

865. The method of claim 823, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the f >rmation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



523, wherein producing the mixture comprises producing 
fell, and wherein at least about 7 heat sources are disposed in 
:tion well. 
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866. The method of claim 823, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 

5 over an area of the formation to form a Repetitive pattern of units. 

867. A method of treating a coal formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; to heat a selected section/of the formation to an average temperature above 
10 about 270 °C; 

allowing the heat to transfdt from the one or more heat sources to the selected 
section of the formation; 

controlling the heat from fhe one or more heat sources such that an average 
heating rate of the selected sectidn is less than about 3 °C per day during pyrolysis; and 
1 5 producing a mixture from the formation. 



O 



20 



868. The method of claim 867, wherein the one or more heat sources comprise at least 
two heat sources, and wherein Superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

869. The method of clainy867, wherein the one or more heat sources comprise 
electrical heaters. 



870. The method of clain 867, further comprising supplying electricity to the electrical 
25 heaters substantially during non-peak hours. 



871. The method of c 
burners. 



aim 867, wherein the one or more heat sources comprise surface 



of claii 



30 872. The method of claim 867, wherein the one or more heat sources comprise 
flameless distributed combustors. 
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873. The method of claim 867, wherein the one or more heat sources comprise natural 
distributed combustors. 



874. The method of claim 867, further comprising controlling a pressure and a 
temperature within at least a majority of/the selected section of the formation, wherein 
the pressure is controlled as a function p{ temperature, or the temperature is controlled as 
a function of pressure. 



10 875. The method of claim 867, whferein the heat is further controlled such that an 

average heating rate of the selected section is less than about 3 °C/day until production of 

—- f- 

876. The method of claim 867, ^herein the heat is further controlled that an average 
15 heating rate of the selected section is less than about 1 .5 °C per day during pyrolysis. 



O 

EST. 

n 
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877. The method of claim 867 : , wherein the heat is further controlled such that an 

/ 

average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. / 



878. The method of claim 867, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
wherein heating energy/day provided to the volume is equal to or less than Pwr. 
">y the equation: 



wherein Pwr is calculatec 
Pwr = h*V*C v *p B 
wherein Pwr is th< 

formation, p B is formation 



heating energy/day, h is an average heating rate of the 
bulk density. 
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879. The method of claim 867, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



880. The method of claim 867, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greatenthan about 0.5 W/(m °C). 

881 . The method of claim 867, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

882. The method of claim 867, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefir 

883. The method of claim 867, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wnerein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 

884. The method of claim 867, wherein the produced mixture comprises non- 
condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less than about 0. 15, and wherein the ratio of ethene to 
ethane is greater than about 0.00 1 . 



885. The method of claiiW 867, wherein the produced mixture comprises condensable 
hydrocarbons, and where inf less than about 1 % by weight, when calculated on an atomic 



basis, of the condensable 



ydrocarbons is nitrogen. 



886. The method of clajm 867, wherein the produced mixture comprises condensable 
hydrocarbons, and whereii less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable lydrocarbons is oxygen. 
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887. The method of claim 867, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



888. The method of claim 867, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols 

889. The method of claim 867, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than £bout 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

890. The method of claim 867, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring ajomatics with more than two rings. 

891 . The method of claim 867, Wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less thsjta about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



892. The method of claim 867/, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein aboi4t 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



893. The method of claim 867, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the/hydrogen is less than about 80 % by volume of the non- 
condensable component. 
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894. The method of claim 867, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



Li 



895. The method of claim 867, wherein th<£ produced mixture comprises ammonia, and 
5 wherein the ammonia is used to produce fertilizer. 



896. The method of claim 867, further comprising controlling a pressure within at least 
a majority of the selected section of the formation, wherein the controlled pressure is at 
10 least about 2.0 bar absolute. 



897. The method of claim 867, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 



15 



25 



30 



898. The method of claim 897, wherein the partial pressure of H2 is measured when the 
mixture is at a production well. 



899. The method of claim 867, further comprising altering a pressure within the 
20 formation to inhibit production of/hydrocarbons from the formation having carbon 
numbers greater than about 25. 



900. The method of claim 867, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 



90 1 . The method of claim 8^67, further comprising: 

providing hydrogen (M 2 ) to the heated section to hydrogenate hydrocarbons 
within the section; and I 

heating a portion of the section with heat from hydrogenation. 
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902. The method of claim 867, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

903. The method of claim 867, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of thp selected section to greater than about 100 
millidarcy. 



904. The method of claim 867, wherein/allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



905. The method of claim 867, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

906. The method of claim 867, wherein producing the mixture comprises producing 
the mixture in a production well and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

907. The method of claim 867, further comprising providing heat from three or more 

heat sources to at least a portion of the formation, wherein three or more of the heat 

/ 

sources are located in the formation in a unit of heat sources, and wherein the unit of heat 

/ 

sources comprises a triangular pattern. 

908. The method of claim 867,|ftirther comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to (form a repetitive pattern of units. 

909. A method of treating a coal formation in situ, comprising: 
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providing heat from one or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one jSr more heat sources to a selected 
section of the formation; 

producing a mixture from the formatioii through at least one production well; 

monitoring a temperature at or in the production well; and 

controlling heat input to raise the monitored temperature at a rate of less than 
about 3 °C per day. 

910. The method of claim 909, wherein/the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons witnin the selected section of the formation. 

911. The method of claim 909, wherein the one or more heat sources comprise 
electrical heaters. 

912. The method of claim 909, wherein the one or more heat sources comprise surface 
burners. 

913. The method of claim 909, wherein the one or more heat sources comprise 
flameless distributed combustors. 

914. The method of claim 909, yherein the one or more heat sources comprise natural 
distributed combustors. 



915. The method of claim 909 
temperature within at least a majbnty 
the pressure is controlled as a function 
a function of pressure. 



further comprising controlling a pressure and a 
of the selected section of the formation, wherein 
of temperature, or the temperature is controlled as 
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916. The method of claim 909, wherein the heat is controlled that an average heating 
rate of the selected section is less than about 1 °C per day during pyrolysis. 

917. The method of claim 909, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B 

wherein Pwr is the heating enefrgy/day, h is an average heating rate of the 
formation, p B is formation bulk density. 



918. The method of claim 909, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



919. The method of claim 909, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



920. The method of claim 909, 
hydrocarbons having an API gravity 



^herein the produced mixture comprises condensable 
of at least about 25°. 



92 1 . The method of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about b.l S 
condensable hydrocarbons are ole Ins. 



hydrocarbons, and wherein about b.l % by weight to about 15 % by weight of the 



922. The method of claim 909, 
condensable hydrocarbons, wherein 



wherein the produced mixture comprises non- 
a molar ratio of ethene to ethane in the non- 
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condensable hydrocarbons is less than about 0. 15, and wherein the ratio of ethene to 
ethane is greater than about 0.00 1 . / y 

923. The method of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

924. The method of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about I % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

925. The method of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than apout 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

926. The method of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 %py weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

927. The method of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

928. The method of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

929. The method of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are aspKaltenes. 
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930. The method of claim 909, wherein the produced mixturf comprises condensable 

/ 1 

hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. /' 

5 / 

93 1 . The method of claim 909, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less thjp about 80 % by volume of the non- 
10 condensable component. 

932. The method of claim 909, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weigW of the produced mixture is ammonia. 

15 933. The method of claim 909, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

934. The method of claim 909, further comprising controlling a pressure within at least 
a majority of the selected section of the formation, wherein the controlled pressure is at 

20 least about 2.0 bar absolute. 

935. The method of claim 909, farther comprising controlling formation conditions to 
produce a mixture of condensable Jhydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater thaiy about 0.5 bar. 

25 

936. The method of claim 93?5, wherein the partial pressure of H2 is measured when the 
mixture is at a production weH. 

937. The method of claim/ 909, further comprising altering a pressure within the 
30 formation to inhibit production of hydrocarbons from the formation having carbon 

numbers greater than about 25. 

350 Conlev. Rose & Tayon. P C* 



• 



/ 

/ 

938. The method of claim 909, wherein controlling/formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

939. The method of claim 909, further comprising: 

providing H 2 to the heated section to hycjrogenate hydrocarbons within the 
section; and 

heating a portion of the section with h<£at from hydrogenation. 



940. The method of claim 909, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method fui^her comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

941 . The method of claim 909, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 



942. The method of claim 909, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

943. The method of claim 909 ; ; further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



944. The method of claim^09, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



945. The method of claim 909, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 



sources comprises a triangular pattern. 
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946. The method of claim 909, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 



sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



947. A method of treating a coal formation in situ, comprising: 

heating a portion of the formation to a temperature sufficient to support oxidation 
of hydrocarbons within the portion, wherein tfye portion is located substantially adjacent 
to a wellbore; 

flowing an oxidant through a conduit /positioned within the wellbore to a heat 
source zone within the portion, wherein the neat source zone supports an oxidation 
reaction between hydrocarbons and the oxidant; 

reacting a portion of the oxidant wim hydrocarbons to generate heat; and 
transferring generated heat substantially by conduction to a pyrolysis zone of the 
formation to pyrolyze at least a portion of the hydrocarbons within the pyrolysis zone. 

948. The method of claim 947, wherein heating the portion of the formation comprises 
raising a temperature of the portion above about 400 °C. 

949. The method of claim 947, wnerein the conduit comprises critical flow orifices, the 
method further comprising flowing the oxidant through the critical flow orifices to the 
heat source zone. 

950. The method of claim 947, further comprising removing reaction products from the 
heat source zone through the wellbore. 

95 1 . The method of claim 947, further comprising removing excess oxidant from the 
heat source zone to inhibit trmsport of the oxidant to the pyrolysis zone. 
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952. The method of claim 947, further comprising transporting the oxidant from the 
conduit to the heat source zone substantially by diffusion. 



953. The method of claim 947, further comprising heating the conduit with reaction 
5 products being removed through the wellbore. / 

954. The method of claim 947, wherein the oxidant comprises hydrogen peroxide. 



10 



955. The method of claim 947, wherein the oxidant comprises air. 

956. The method of claim 947, wherein the Oxidant comprises a fluid substantially free 
of nitrogen. 



I 957. The method of claim 947, further comfprising limiting an amount of oxidant to 
-r 1 5 maintain a temperature of the heat source zone less than about 1 200 °C. 



958. The method of claim 947, wherein h< 
fl electrically heating the formation. 



ating the portion of the formation comprises 



20 9 59. The method of claim 947, wherein peating the portion of the formation comprises 
heating the portion using exhaust gases from a surface burner. 



25 



960. The method of claim 947, whereijh heating the portion of the formation comprises 
heating the portion with a flameless distributed combustor. 

961 . The method of claim 947, further comprising controlling a pressure and a 
temperature within at least a majority of the pyrolysis zone, wherein the pressure is 
controlled as a function of temperature, or the temperature is controlled as a function of 
pressure. 



30 
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962. The method of claim947, further comprising controlling the heat such that an 
average heating rate of the pyrolysis zone is less than about 1 °C per day during pyrolysis. 



963. The method of claim 947, wherein heating the portion comprises heating the 

5 pyrolysis zone such that a thermal conductivity of at least a portion of the pyrolysis zone 
is greater than about 0.5 W/(m °C). ; 

964. The method of claim 947, further comprising controlling a pressure within at least 
a majority of the pyrolysis zone of the formation, wherein the controlled pressure is at 

10 least about 2.0 bar absolute. 



if3 



965. The method of claim 947, further comprising: 

providing hydrogen (H2) to the pyrolysis zc/nc to hydrogenate hydrocarbons 
within the pyrolysis zone; and 

heating a portion of the pyrolysis zone wfth heat from hydrogenation. 



20 



966. The method of claim 947, wherein transferring generated heat comprises 
increasing a permeability of a majority of th^pyrolysis zone to greater than about 100 
millidarcy. 

967. The method of claim 947, wherein transferring generated heat comprises 
substantially uniformly increasing a permeability of a majority of the pyrolysis zone. 



968. The method of claim 947, wherein the heating is controlled to yield greater than 
25 about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

969. The method of claim 947, wherein the wellbore is located along strike to reduce 
pressure differentials along a heatdd length of the wellbore. 



30 970. The method of claim 947, 
uniformity of heating along a hea 



therein the wellbore is located along strike to increase 
ed length of the wellbore. 
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971 . The method of claim 947, wherein the wellbore is located along strike to increase 
control of heating along a heated length of the wellbore. 

/ 

/ 

972. A method of treating a coal formation in situ, comprising: 

heating a portion of the formation to a/temperature sufficient to support reaction 
of hydrocarbons within the portion of the formation with an oxidant; 

flowing the oxidant into a conduit, and wherein the conduit is connected such that 
the oxidant can flow from the conduit to the hydrocarbons; 

allowing the oxidant and the hydrocarbons to react to produce heat in a heat 
source zone; 

allowing heat to transfer from thelheat source zone to a pyrolysis zone in the 
formation to pyrolyze at least a portion o^f the hydrocarbons within the pyrolysis zone: 
and 

removing reaction products such' that the reaction products are inhibited from 
flowing from the heat source zone to the pyrolysis zone. 

973. The method of claim 972, whefein heating the portion of the formation comprises 
raising the temperature of the portion above about 400 °C. 

974. The method of claim 972, wherein heating the portion of the formation comprises 
electrically heating the formation. 

975. The method of claim 972, wherein heating the portion of the formation comprises 
heating the portion using exhaust gases from a surface burner. 



976. The method of claim 972, vpherein the conduit comprises critical flow orifices, the 
method further comprising flowing the oxidant through the critical flow orifices to the 
heat source zone. 
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977. The method of claim 972, wherein the conduit is located within a wellbore, 
wherein removing reaction products comprises removing reaction products from the heat 
source zone through the wellbore. 

5 978. The method of claim 972, further comprising removing excess oxidant from the 
heat source zone to inhibit transport of the oxidant to the pyrolysis zone. 



10 



979. The method of claim 972, further comprising transporting the oxidant from the 
conduit to the heat source zone substantially by diffusion. 

980. The method of claim 972, wherein the conduit is located within a wellbore. the 
method further comprising heating the conduit with reaction products being removed 
through the wellbore to raise a temperature of the oxidant passing through the conduit. 



15 981. The method of claim 972, wherein the oxidant comprises hydrogen peroxide. 
982. The method of claim 972, wherein the oxidant comprises air. 



983. The method of claim 972, wjherein the oxidant comprises a fluid substantially free 
H 20 of nitrogen. 



0 



984. The method of claim 972,/further comprising limiting an amount of oxidant to 
maintain a temperature of the heat source zone less than about 1200 °C. 



97£ 



25 985. The method of claim 
maintain a temperature of the h 
of oxides of nitrogen. 



986. The method of claim 9 
30 temperature sufficient to suppolrt 



, further comprising limiting an amount of oxidant to 
at source zone at a temperature that inhibits production 



comprises heating with a flame less distributed combustor. 



, wherein heating a portion of the formation to a 
oxidation of hydrocarbons within the portion further 



356 Conlev Rose & Tayon. P C 



987. The method of claim 972, further comprising controlling a pressure and a 
temperature within at least a majority of the pyrolysis zone of the formation, wherein the 
pressure is controlled as a function of temperature, or the temperature is controlled as a 
function of pressure. 

988. The method of claim 972, further comprising controlling the heat such that an 
average heating rate of the pyrolysis zone jfs less than about 1 °C per day during pyrolysis. 



989. The method of claim 972, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



990. The method of claim 972, wherein allowing heat to transfer comprises heating the 
pyrolysis zone such that a thermal conductivity of at least a portion of the pyrolysis zone 
is greater than about 0.5 W/(m °C). 



991 . The method of claim 972, further comprising controlling a pressure within at least 
a majority of the pyrolysis zone, wherein the controlled pressure is at least about 2.0 bar 
absolute. 



992. The method of claim 972, further comprising: 
providing hydrogen (H2) to the pyrolysis zone to hydrogenate hydrocarbons 

within the pyrolysis zone; and , 

heating a portion of the pyr olysis zone with heat from hydrogenation. 

993. The method of claim 972, \ /herein allowing the heat to transfer comprises 
. increasing a permeability of a majcrity of the pyrolysis zone to greater than about 100 
millidarcy. 

994. The method of claim 972, wherein allowing the heat to transfer comprises 



substantially uniformly increasing a 



permeability of a majority of the pyrolysis zone. 
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995. The method of claim 972, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

996. An in situ method for heating a coal formation, comprising: 

heating a portion of the formation to a temperature sufficient to support reaction 
of hydrocarbons within the portion of the formation wfth an oxidizing fluid, wherein the 
portion is located substantially adjacent to an opening in the formation; 

providing the oxidizing fluid to a heat source zone in the formation; 

allowing the oxidizing gas to react with at least a portion of the hydrocarbons at 
the heat source zone to generate heat in the heat source zone; and 

transferring the generated heat substantially by conduction from the heat source 
zone to a pyrolysis zone in the formation. / 

997. The method of claim 996, further comprising transporting the oxidizing fluid 

998. The method of claim 996, further comprising directing at least a portion of the 
oxidizing fluid into the opening through orifices of a conduit disposed in the opening. 



999. The method of claim 996, further 
fluid with critical flow orifices of a condi 
oxidation is controlled. / 



comprising controlling a flow of the oxidizing 
it disposed in the opening such that a rate of 



1 000. The method of claim 996, wherein a conduit is disposed within the opening, the 
method further comprising removing ai oxidation product from the formation through 
the conduit. 

1001. The method of claim 996, whersin a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
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the conduit and transferring substantial heat from the oxidation product in the conduit to 
the oxidizing fluid in the conduit. j 

1 002. The method of claim 996, wherein a conduit is disposed within the opening, the 
5 method further comprising removing an oxidation product from the formation through 

the conduit, wherein a flow rate of the oxidizing fluid Wthe conduit is approximately 
equal to a flow rate of the oxidation product in the conduit. 

1003. The method of claim 996, wherein a conduit is disposed within the opening, the 
10 method further comprising removing an oxidation product from the formation through 

the conduit and controlling a pressure between the oxidizing fluid and the oxidation 
product in the conduit to reduce contamination of tljfe oxidation product by the oxidizing 
! fluid. 



•15 



£ 

r?20 



1004. The method of claim 996, wherein a center conduit is disposed within an outer 
conduit, and wherein the outer conduit is disposed within the opening, the method further 
comprising providing the oxidizing fluid into the opening through the center conduit and 
removing an oxidation product through the outer conduit. 

1005. The method of claim 996, wherein the /heat source zone extends radially from the 
opening a width of less than approximately 0/1 5 m. 



25 



1006. The method of claim 996, wherein Wearing the portion comprises applying 
electrical current to an electric heater disposed within the opening. 



1 007. The method of claim 996, wherein] 
the heat source zone. 



'the pyrolysis zone is substantially adjacent to 



1 008. The method of claim 996, further/comprising controlling a pressure and a 
30 temperature within at least a majority of the pyrolysis zone of the formation, wherein the 
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pressure is controlled as a function of temperature, or the temperature is controlled as a 
function of pressure. 

/ 

1 009. The method of claim 996, further comprising controlling the heat such that an 

5 average heating rate of the pyrolysis zone is less than about 1 °C per day during pyrolysis. 

/ \ 

1010. The method of claim 996, wherein allowing^he heat to transfer comprises 
transferring heat substantially by conduction. 

10 1011. The method of claim 996, wherein allowing heat to transfer comprises heating the 
portion such that a thermal conductivity of at l^ast a portion of the pyrolysis zone is 
greater than about 0.5 W/(m °C). 



1012. The method of claim 996, further comprising controlling a pressure within at least 
N' 15 a majority of the pyrolysis zone, wherein thf controlled pressure is at least about 2,0 bar 
absolute. 



Pi 

20 

o ■ 



1013. The method of claim 996, further comprising: 

providing hydrogen (H2) to the pyrolysis zone to hydrogenate hydrocarbons 
within the pyrolysis zone; and 

heating a portion of the pyrolys/s zone with heat from hydrogenation. 



1014. The method of claim 996, whferein allowing the heat to transfer comprises 
increasing a permeability of a majoi/ty of the pyrolysis zone to greater than about 100 

25 millidarcy. 

1015. The method of claim 996, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the pyrolysis zone. 



30 1016. The method of claim 996/ further comprising controlling the heat to yield greater 
than about 60 % by weight of ccpdensable hydrocarbons, as measured by Fischer Assay. 
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1017. A method of treating a coal formation in situ, comprising: 

providing heat from one or more heat sources to at least a portion of the 

formation; / 

allowing the heat to transfer from the one or more heat spurces to a selected 

section of the formation; / 
producing a mixture from the formation; afnd 

maintaining an average temperature within the selected section above a minimum 
pyrolysis temperature and below a vaporization temperature of hydrocarbons having 
carbon numbers greater than 25 to inhibit production of a substantial amount of 
hydrocarbons having carbon numbers greater than 25 in the mixture. 



1018. The method of claim 1017, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydroca/bons within the selected section of the 
formation. 



1019. The method of claim 1017, wherein maintaining the average temperature within 
the selected section comprises maintaining the temperature within a pyrolysis 
temperature range. / 




1 020. The method of claim 1017, wherein the one or more heat sources comprise 
electrical heaters. / 



1 02 1 . The method of claim 1017, wherein the one or more heat sources comprise 
surface burners. / 



1022. The method of clainJl017, wherein the one or more heat sources comprise 
flameless distributed combustors. 
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1023. The method of claim 1017, wherein the one or more heat sources comprise natural 
distributed combustors. 

/' 

1 024. The method of claim 1017, wherein the/minimum pyrolysis temperature is greater 
than about 270 °C. / 

1 025 . The method of claim 1017, wherein the vaporization temperature is less than 
approximately 450 °C at atmospheric pressure. 

1026. The method of claim 1017, fumier comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. / 

1 027. The method of claim 1017, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. / 

1 028. The method of claim 1 p 1 7, wherein providing heat from the one or more heat 
sources to at least the portion/of formation comprises: 

heating a selected volume (F) of the coal formation from the one or more heat 
sources, wherein the format/on has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated toy the equation: 

Pwr = h*V*C v *p B l 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 1 0 
°C/day. / 
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1 029. The method of claim 1017, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1 030. The method of claim 1017, wherein providing heat from the one or more heat 
sources comprises heating the selected formation such that a thermal conductivity of at 
least a portion of the selected section is greater! than about 0.5 W/(m °C). 

1031. The method of claim 1017, wherein tMe produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



1 032. The method of claim 1017, wherei 
hydrocarbons, and wherein about 0.1 % bj 
condensable hydrocarbons are olefins. / 



the produced mixture comprises condensable 
weight to about 1 5 % by weight of the 



1033. The method of claim 1017, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 

1034. The method of claim 1017, wherein the produced mixture comprises non- 
condensable hydrocarbons, whereinfa molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less than about 0.15, and wherein the ratio of ethene to 
ethane is greater than about 0.001 ./ 

1035. The method of claim 101/7, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less/than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1036. The method of claim 1/017, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



363 



Conley, Rose & Tayon, P C. 



1037. The method of claim 1017, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



5 1 038. The method of claim 1017, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to abiout 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



10 . 1039. The method of claim 1017, wherein tl/e produced mixture comprises condensable 
hydrocarbons, and wherein greater than aboi/t 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



US 



1040. The method of claim 1017, wherein the produced mixture comprises condensable 
15 hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



20 



1 04 1 . The method of claim 1017, wnerein the produced mixture comprises condensable 
hydrocarbons, and wherein less than/about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



25 



30 



1 042. The method of claim 1017/ wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

1043. The method of claim 1017, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein thejfhydrogen is less than about 80 % by volume of the non- 
condensable component. 
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1 044. The method of claim 1017, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1 045 . The method of claim 1017, wherein pe produced mixture comprises ammonia. 
5 and wherein the ammonia is used to produoe fertilizer. 



10 



1046. The method of claim 1017, further comprising controlling a pressure within at 
least a majority of the selected section op the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

1047. The method of claim 1017, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H 2 , wherein a partial pressure of H : 
within the mixture is greater than about 0.5 bar. 



jy, 1 5 1 048. The method of claim 1 047, jwherein the partial pressure of H2 is measured when 
jS| the mixture is at a production well. 



If 20 
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1 049. The method of claim 1 01 ll wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

1 050. The method of claim 1 oA 7, further comprising: 

providing hydrogen (Hp to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of trie section with heat from hydrogenation. 



1051. The method of claim 
and condensable hydrocarbc 
the produced condensable hy< 



1017, wherein the produced mixture comprises hydrogen 
ns, the method further comprising hydrogenating a portion of 
drocarbons with at least a portion of the produced hydrogen. 
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1 052. The method of claim 1017, wherein allowing the heat/t&^IWsfer comprises 
increasing a permeability of a majority of the selected section to greater than about 1 00 
millidarcy. 

5 1053. The method of claim 1017, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1 054. The method of claim 1017, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable Hydrocarbons, as measured by Fischer Assay. 



10 



1055. The method of claim 1017, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production wel/ 



15 1056. The method of claim 1017, ftuther comprising providing heat from three or more 
heat sources to at least a portion of/the formation, wherein three or more of the heat 
sources are located in the formatioh in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular partem. 



KSSJSI 



~P 20 1 057. The method of claim 1 (M 7, further comprising providing heat from three or more 
£7, heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangulajr pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

25 

1 058. A method of treating a coal formation in situ, comprising: 

providing heat fronf one or more heat sources to at least a portion of the 
formation; 

allowing the heat tjb transfer from the one or more heat sources to a selected 
30 section of the formation; 
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\ 

controlling a pressure within the formation to inhibit production of hydrocarbons 
from the formation having carbon numbers greater than ,2 5; and 
producing a mixture from the formation. / 

5 1 059. The method of claim 1 058, wherein the on^ or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

1 0 1 060. The method of claim 1 058, wherein /he one or more heat sources comprise 
electrical heaters. 

1 061 . The method of claim 1 058, wherqin the one or more heat sources comprise 
surface burners. 



M 15 
D 



1062. The method of claim 1058, wherein the one or more heat sources comprise 
M« flameless distributed combustors. 

HN 1063. The method of claim 1058, \yherein the one or more heat sources comprise natural 

FU 

p 20 distributed combustors. 



1064. The method of claim 1058,/further comprising controlling a temperature within at 
least a majority of the selected section of the formation, wherein the pressure is 
controlled as a function of temperature, or the temperature is controlled as a function of 

25 pressure. 

1065. The method of claim 106fl, wherein controlling the temperature comprises 
maintaining a temperature withip the selected section within a pyrolysis temperature 
range. 
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1066. The method of claim 1058, further comprising controlling the heat such that an 
average heating rate of the selected section is les? than about 1 °C per day during 
pyrolysis. / 

1067. The method of claim 1058, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (F) of the ioal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B / 

wherein Pwr is the heating enerigy/day, A is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 1 0 
°C/day. / 

1068. The method of claim 1058, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1069. The method of claim 1058, wherein providing heat from the one or more heat 
sources comprises heating the selected formation such that a thermal conductivity of at 
least a portion of the selected section is greater than about 0.5 W/(m °C). 

1070. The method of claim 1 
hydrocarbons having an API g 

1071 . The method of claim 1058, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



J58, wherein the produced mixture comprises condensable 
ravity of at least about 25°. 
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1072. The method of claim 1058, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 

1073. The method of claim 1058, wherein the/produced mixture comprises non- 
condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less than about Q. 15, and wherein the ratio of ethene to 
ethane is greater than about 0.001 . 

1074. The method of claim 1058. wherein/the produced mixture comprises condensable 
hydrocarbons, and wherein less than about/l % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is/nitrogen. 

1075. The method of claim 1058, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than al4ut 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarboi/s is oxygen. 

1076. The method of claim 1058, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

1077. The method of claim 1058, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



1078. The method of claim/1058, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein beater than about 20 % by weight of the condensable 



hydrocarbons are aromatic 



impounds. 
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1 079. The method of claim 1 058, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

1080. The method of claim 1058, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 01.3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 

1 08 1 . The method of claim 1 058, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

1082. The method of claim 1058, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than ab6ut 10 % by volume of the non-condensable 
component, and wherein the hydrogen jfs less than about 80 % by volume of the non- 
condensable component. / 

1 083. The method of claim 1 058, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05/% by weight of the produced mixture is ammonia. 

1 084. The method of claim 1 058/ wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1085. The method of claim 1068, further comprising controlling the pressure within at 
least a majority of the selected Section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

1 086. The method of claim 1058, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H 2 , wherein a partial pressure of H 2 
within the mixture is greater than about 0.5 bar. 
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1 087. The method of claim 1 086, wherein the part^l pressure of H 2 is measured when 
the mixture is at a production well. 

5 1088. The method of claim 1058, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

1 089. The method of claim 1 058, further Comprising: 

providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 
10 within the section; and 

heating a portion of the section With heat from hydrogenation. 
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1090. The method of claim 1058, whprein the produced mixture comprises hydrogen 
and condensable hydrocarbons, the method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

1091 . The method of claim 1058, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

1092. The method of claim l(/58, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



1 093 . The method of clainy 1 058, further comprising controlling the heat to yield greater 
25 than about 60 % by weight /of condensable hydrocarbons, as measured by Fischer Assay. 



30 



1094. The method of claim 1058, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 
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1095. The method of claim 1058, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, ^herein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. / 

1096. The method of claim 1058, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a reretitive pattern of units. 

1 097. A method of treating a coal formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; / 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; and / 

producing a mixture from the formation, wherein the produced mixture comprises 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the condensable hydrocarbons are olefins. 

1098. The method of claim 1097, wherein the one or more heat sources comprise at 
least two heat sources, and whefein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. / 

1 099. The method of claim fl 097, wherein the one or more heat sources comprise 
electrical heaters. I 

1 1 00. The method of clainj 1 097, wherein the one or more heat sources comprise 
surface burners. I 
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1101. The method of claim 1097, wherein the one or more heat sources comprise 
flameless distributed combustors. 

/ 
/ 

1 102. The method of claim 1097, wherein the one o^ more heat sources comprise natural 
distributed combustors. / 

1 103. The method of claim 1097, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. / 

1 104. The method of claim 1097, wherein controlling the temperature comprises 
maintaining the temperature within the selected section within a pyrolysis temperature 
range. / 

1 1 05. The method of claim 1097, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. / 

1 1 06. The method of claim 1097, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V)jof the coal formation from the one or more heat 
sources, wherein the formation has ah average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation: and 

wherein heating energy/dayf provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the dtjuation: 

Pwr = h*V*C v *p B / 

wherein Pwr is the heatinfg energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. / 
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1 1 07. The method of claim 1 097, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. / 

1 1 08. The method of claim 1 097, wherein providing bleat from the one or more heat 
sources comprises heating the selected formation sucn that a thermal conductivity of at 
least a portion of the selected section is greater than about 0.5 W/(m °C). 

1 109. The method of claim 1097, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1110. The method of claim 1 097, wherein the 
hydrocarbons, and wherein about 0.1 % by weij 
condensable hydrocarbons are olefins. 

1111. The method of claim 1 097, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 

1112. The method of claim 1097, wherein the produced mixture comprises non- 
condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less than about 0.15, and wherein the ratio of ethene to 
ethane is greater than about 0.001 . / 

1113. The method of claim 1097, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than apout 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1114. The method of claim 1097, \ 
hydrocarbons, and wherein less thar 
basis, of the condensable hydrocarbj 



roduced mixture comprises condensable 
it to about 15 % by weight of the 



lerein the produced mixture comprises condensable 
/about 1 % by weight, when calculated on an atomic 
>ns is oxygen. 
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1115. The method of claim 1 097, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by^weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfury 

5 1116. The method of claim 1 097, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weighyto about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containin^compounds, and wherein the oxygen 
containing compounds comprise phenols/ 

10 1117. The method of claim 1097, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater thjin about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

1118. The method of claim 1097,/wherein the produced mixture comprises condensable 
15 hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



O 1119. The method of claim 1067, wherein the produced mixture comprises condensable 
S hydrocarbons, and wherein le^s than about 0.3 % by weight of the condensable 
4~ 20 hydrocarbons are asphaltenes 

1 120. The method of claim 1097, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

1121. The method of claim 1097, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen \L greater than about 10 % by volume of the non-condensable 
component, and wherejln the hydrogen is less than about 80 % by volume of the non- 
30 condensable component. 
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1 122. The method of claim 1097, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight 'of the produced mixture is ammonia. 



1 123. The method of claim 1097, wherein the produced mixture comprises ammonia, 
5 and wherein the ammonia is used to produce fertilizer. 



10 



1 124. The method of claim 1097, further comprising controlling a pressure within at 
least a majority of the selected section of tip formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

1 125. The method of claim 1097, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H: 
within the mixture is greater than about JD.5 bar. 



H 1 5 1 1 26. The method of claim 1 1 25, whekein the partial pressure of H 2 is measured when 

O 

^ the mixture is at a production well. 

Li 

<2 * 

p 1 127. The method of claim 1097, fuifther comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
4~ 20 numbers greater than about 25. 

f'"~i 

3 j 

1 128. The method of claim 1097, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen/from the mixture into the formation. 



25 1 1 29. The method of claim 1 097 ; 

providing hydrogen (H 2 ) tc 
within the section; and 

heating a portion of the sec 



tion with heat from hydrogenation. 



further comprising: 

the heated section to hydrogenate hydrocarbons 



376 



Conley. Ros«& Tayon. P C 



1 1 30. The method of claim 1 097, wherein tlie produced mixture comprises hydrogen 
and condensable hydrocarbons, the method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



1131. The method of claim 1 097, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of thejselected section to greater than about 100 
millidarcy. 

1132. The method of claim 1 097, wherein [allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1133. The method of claim 1 097, further /comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



1 1 34. The method of claim 1097, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well/ 



1 135. The method of claim 1097, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 



sources comprises a triangular pattern. 



1 136. The method of claim 1097, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



1137. A method of treating a coe J 



formation in situ, comprising: 
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heating a section of the formation to a pyrolysis temperature from at least a first 
heat source, a second heat source and a third heat source, and wherein the first heat 
source, the second heat source and the third heat source are located along a perimeter of 
the section; / 

controlling heat input to the first heat ^ource, the second heat source and the third 
heat source to limit a heating rate of the section to a rate configured to produce a mixture 
from the formation with an olefin content of less than about 15% by weight of 

condensable fluids (on a dry basis) witWi/the produced mixture; and 

/ 

producing the mixture from the formation through a production well. 

/ 

1 138. The method of claim 1 137, wherein superposition of heat form the first heat 
source, second heat source, and third/heat source pyrolyzes a portion of the hydrocarbons 
within the formation to fluids 



1 139. The method of claim 1 137/ wherein the pyrolysis temperature is between about 
270 °C and about 400 °C. 

1 140. The method of claim 1 137, wherein the first heat source is operated for less than 
about twenty four hours a day. 

1141. The method of claim' 1137, wherein the first heat source comprises an electrical 
heater. 

1 1 42. The method of cl^im 1137, wherein the first heat source comprises a surface 
burner. 

1 143. The method of c|aim 1137, wherein the first heat source comprises a flameless 
distributed combustor. 

1 144. The method of claim 1137, wherein the first heat source, second heat source and 
third heat source are pc sitioned substantially at apexes of an equilateral triangle. 
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1 145. The method of claim 1 137, wherein the production well is located substantially at 
a geometrical center of the first heat source, second heat source, and third heat source. 



1 146. The method of claim 1137, further comprising a fourth heat source, fifth heat 



source, and sixth heat source located along the perimeter 



of the section. 



1 147. The method of claim 1 146, wherein the heat sources are located substantially at 
apexes of a regular hexagon. 



1 148. The method of claim 1 147, wherein the production well is located substantially at 
a center of the hexagon. 

1 149. The method of claim 1 137, further comprising controlling a pressure and a 
temperature within at least a majority of the sectioA of the formation, wherein the 
pressure is controlled as a function of temperatur/, or the temperature is controlled as a 
function of pressure. 

1 1 50. The method of claim 1137, wherein controlling the temperature comprises 
maintaining the temperature within the selected section within a pyrolysis temperature 
range. 

1151. The method of claim 1137, further comprising controlling the heat such that an 
average heating rate of the section is less tHan about 3 °C per day during pyrolysis. 

1 1 52. The method of claim 1137, furthe/ comprising controlling the heat such that an 
average heating rate of the section is lessf than about 1 °C per day during pyrolysis. 



1153. The method of claim 1137, whejfein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 
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heating a selected volume ( V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the Volume is equal to or less than /Vr, 
wherein Pwr is calculated by the equation: / 

Pwr = h*V*C v *p B / 

wherein Pwr is the heating energy /day, //isan average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 

°C/day. / 

1 1 54. The method of claim 1137, wherein heating the section of the formation 
comprises transferring heat substantially by /conduction. 

1155. The method of claim 1137, wherein providing heat from the one or more heat 
sources comprises heating the section such that a thermal conductivity of at least a 
portion of the section is greater than about 0.5 W/(m °C). 

1 156. The method of claim 1137, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1 157. The method of claim 1 127, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

1158. The method of claim 1137, wherein the produced mixture comprises non- 
condensable hydrocarbon^ wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less than about 0.15, and wherein the ratio of ethene to 
ethane is greater than about 0.001 . 
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1 159. The method of claim 1137, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons is nitrogen. 

/ 

/ 

1 1 60. The method of claim 1137, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about y % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is dxygen. 

1161. The method of claim 1137, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than abput 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

1 1 62. The method of claim 1137, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise jfhenols. N 

1 163. The method of claim 1 lft7, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

1 1 64. The method of claim 1137, wherein the produced mixture comprises condensable 
hydrocarbons, and wherdn less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

1165. The method of claim 1137, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are a4>haltenes. 
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1 166. The method of claim 1 137, wherein the produced^mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. / 

1 167. The method of claim 1137, wherein the produced mixture comprises a non- 
condensable component, wherein the non-conderisable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less tyan about 80 % by volume of the non- 
condensable component. 



1 1 68. The method of claim 1137, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



1 169. The method of claim 1 137, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 



1 1 70. The method of claim 1137, further comprising controlling a pressure within at 
least a majority of the selected sectipn of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



1171. The method of claim 1 1^7, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H 2 , wherein a partial pressure of H 2 
within the mixture is greater than about 0.5 bar. 



1 1 72. The method of claim 1171, wherein the partial pressure of H 2 is measured when 
the mixture is at a production well. 

1 1 73. The method of claim 1137, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 
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1 1 74. The method of claim 1137, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture inio the formation. 

1 1 75 . The method of claim 1137, further comprising: 
providing hydrogen (H 2 ) to the heated sec/ion to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with heat from hydrogenation. 

1 1 76. The method of claim 1137, whereui the produced mixture comprises hydrogen 
and condensable hydrocarbons, the method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons' with at least a portion of the produced hydrogen. 

1 1 77. The method of claim 1137, heating the section comprises increasing a 
permeability of a majority of the section to greater than about 100 millidarcy. 

1 1 78. The method of claim 1137/ wherein heating the section comprises substantially 
uniformly increasing a permeability of a majority of the section. 

1 1 79. The method of claim /l 37, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

1 1 80. The method of claim 1137, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

1181. The method of claim 1137, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 
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1 1 82. The method of claim 1137, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of Jieat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 

5 over an area of the formation to form a repetitive pattern of units. 

1 1 83. A method of treating a coal formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; / 
* 1 o allowing the heat to transfer from the one or more heat sources to a selected 

section of the formation; and / 
_ producing a mixture from tne formation, wherein the produced mixture comprises 

y3 condensable hydrocarbons, and wherein less than about 1 % by weight, when calculated 
J on an atomic basis, of the condensable hydrocarbons is nitrogen. 
M= 15 / 

frj 1 1 84. The method of claim 1 /83, wherein the one or more heat sources comprise at 

least two heat sources, and wherein superposition of heat from at least the two heat 
p sources pyrolyzes at least some hydrocarbons within the selected section of the 
31 formation. / 

*P 20 / 

f==< / 

iL-ii / 

y, 1 1 85. The method of claim 1 1 83, wherein the one or more heat sources comprise 
electrical heaters. / 

1 1 86. The method oy claim 1 183, wherein the one or more heat sources comprise 
25 surface burners. / 

1187. The method of claim 1183, wherein the one or more heat sources comprise 
flameless distributed combustors. 

30 1 1 88. The method of claim 1183, wherein the one or more heat sources comprise natural 
distributed combustors. 
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1 1 89. The method of claim 1183, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. / 

1 1 90. The method of claim 1 1 89, wherein controlling the temperature comprises 
maintaining the temperature within the selected sec/ion within a pyrolysis temperature 
range. / 

1191. The method of claim 1 1 83, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. / 

1 1 92. The method of claim 1 1 83, whereiri providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) oythe coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons Avithin the selected volume of the formation; and 

wherein heating energy/day pjrovided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B . 

wherein Pwr is the heating Jenergy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 1 0 
°C/day. I 

1 193. The method of claim 1183, wherein allowing the heat to transfer comprises 
transferring heat substantially by/conduction. 
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1 1 94. The method of claim 1 1 83, wherein providing heat from the one or more heat 
sources comprises heating the selected formation sucffi that a thermal conductivity of at 
least a portion of the selected section is greater than about 0.5 W/(m °C). 

1 1 95. The method of claim 1 1 83, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at leastf about 25°. 

1 1 96. The method of claim 1183, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by/weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

1 1 97. The method of claim 1183, whe/ein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 

1 1 98. The method of claim 1 1 8 J, wherein the produced mixture comprises non- 
condensable hydrocarbons, wheyein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less than about 0.15, and wherein the ratio of ethene to 
ethane is greater than about 0.001 . 

1 199. The method of claim 1 1 83, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein Less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

1200. The method of claim 1 1 83, wherein the produced mixture comprises condensable 
hydrocarbons, and wherejin less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

1 20 1 . The method of ilaim 1183, wherein the produced mixture comprises condensable 
hydrocarbons, whereiij about 5 % by weight to about 30 % by weight of the condensable 
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hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

1202. The method of claim 1 1 83, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 2(p % by weight of the condensable 
hydrocarbons are aromatic compounds. 

1203. The method of claim 1 1 83, wherein tt/e produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5j % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

1204. The method of claim 1 1 83, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than abqut 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

1205. The method of claim 1 183, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about SPA by weight to about 30 % by weight of the 
condensable hydrocarbons are cycljoalkanes. 

1206. The method of claim 1 1 83, wherein the produced mixture comprises a non- 
condensable component, whereiil the non-condensable component comprises hydrogen, 
wherein the hydrogen is greatey than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

1 207. The method of claim 1183, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1208. The method of claim 1 1 83, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 
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1209. The method of claim 1 1 83, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. / 

5 1210. The method of claim 1 1 83, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H : 
within the mixture is greater than about 0.5 Bar. 

1211. The method of claim 1211, whereip the partial pressure of H2 is measured when 
1 0 the mixture is at a production well. 

1212. The method of claim 1 183, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



M 15 

Q 

JSS3S, 



1213. The method of claim 1 1 83 , Avherein controlling formation conditions comprises 

1 / 

recirculating a portion of hydrogen from the mixture into the formation. 



1214. The method of claim 1183, further comprising: 
20 providing hydrogen (H^ to the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of th£ section with heat from hydrogenation. 

1215. The method of clainyl 183, wherein the produced mixture comprises hydrogen 

25 and condensable hydrocarbons, the method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

1216. The method of claim 1 1 83, wherein allowing the heat to transfer comprises 
increasing a permeability /of a majority of the selected section to greater than about 100 

30 millidarcy. 
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1217. The method of claim 1 1 83, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1218. The method of claim 1183, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



1219. The method of claim 1183, wherein pr< 
the mixture in a production well, and wherein 
the formation for each production well. / 



pucing the mixture comprises producing 
it least about 7 heat sources are disposed in 



1220. The method of claim 1 1 83, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. / 

1 22 1 . The method of claim 1183, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in/a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to forrn a repetitive pattern of units. 

1222. A method of treating a coal formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; / 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; and / 

producing a mixture from the formation, wherein the produced mixture comprises 
condensable hydrocarbons, and therein less than about 1 % by weight, when calculated 
on an atomic basis, of the condensable hydrocarbons is oxygen. 
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1223. The method of claim 1 222, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

5 

1 224. The method of claim 1 222, wherein the one oj more heat sources comprise 
electrical heaters. 

1 225 . The method of claim 1 222, wherein the ontf or more heat sources comprise 
10 surface burners. 

Q 1 226. The method of claim 1 222, wherein the ojie or more heat sources comprise 
g flameless distributed combustors. 

fTl 5 1 227. The method of claim 1 222, wherein the/one or more heat sources comprise natural 
Bl distributed combustors. 



ru 

Q 



1228. The method of claim 1222, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 

20 the pressure is controlled as a function of teipperature, or the temperature is controlled as 
a function of pressure. 

1 229. The method of claim 1 228, whereiif controlling the temperature comprises 
maintaining the temperature within the selected section within a pyrolysis temperature 

25 range. 

1230. The method of claim 1222, further comprising controlling the heat such that an 
average heating rate of the selected sect/on is less than about 1 °C per day during 
pyrolysis. 
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1231. The method of claim 1 222, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within/the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr % 
wherein Pwr is calculated by the equation: / 

Pwr = h*V*C v *p B / 

wherein Pwr is the heating energy/day, A is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 1 0 
°C/day. / 

1232. The method of claim 1222, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1 233. The method of claim 1 222, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is/greater than about 0.5 W/(m °C). 

1234. The method of claim 1 22/2, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1235. The method of claim 1C22, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein aftout 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

1236. The method of claim 1222, wherein the produced mixture comprises non- 
condensable hydrocarbons] and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 
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1237. The method of claim 1222, wherein the produced mixture comprises non- 
condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less than about 0.15, and wherein the ratio of ethene to 
ethane is greater than about 0.001 . 

5 

1238. The method of claim 1 222, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 °/J by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

10 1239. The method of claim 1 222, wherein tihe produced mixture comprises condensable 
hydrocarbons, and wherein less than about I % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



y* 15 

p 

m 

S3 

P 

£ 20 



1240. The method of claim 1222, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

1241 . The method of claim 1222, wnerein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % bv weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



25 



1242. The method of claim 1222, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



1243. The method of claim 1E22, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein lek than about 5 % by weight of the condensable 
hydrocarbons comprises mulfi-ring aromatics with more than two rings. 



30 



392 



Conley. Rose & Tayon. P C 



1244. The method of claim 1222, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

1245. The method of claim 1222, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes./ 

1246. The method of claim 1222, whereiA the produced mixture comprises a non- 
condensable component, wherein the non^condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen As less than about 80 % by volume of the non- 
condensable component. / 

1247. The method of claim 1222, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.06 % by weight of the produced mixture is ammonia. 

1248. The method of claim 1222, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1249. The method of clairry 1222, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

1250. The method of craim 1222, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H 2 , wherein a partial pressure of H 2 
within the mixture is jpeater than about 0.5 bar. 

1251. The method jf claim 1 250, wherein the partial pressure of H 2 is measured when 
the mixture is at a production well. 
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1252. The method of claim 1222, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

1253. The method of claim 1222, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

1254. The method of claim 1 222, further composing: 

providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of the section with heat from hydrogenation. 

1255. The method of claim 1222, wherein pe produced mixture comprises hydrogen 
and condensable hydrocarbons, the method/further comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

1256. The method of claim 1222, wherein allowing the heat to transfer comprises 
increasing a permeability of a majorityybf the selected section to greater than about 1 00 
millidarcy. / 

1257. The method of claim 1 222, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1258. The method of claim 1222, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

1259. The method of claim 1G22, wherein producing the mixture comprises producing 
the mixture in a production Well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 
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1260. The method of claim 1222, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1 26 1 . The method of claim 1 222, further composing providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit off heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1262. A method of treating a coal formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; / 

allowing the heat to transfer from trie one or more heat sources to a selected 
section of the formation; and / 

producing a mixture from the formation, wherein the produced mixture comprises 
condensable hydrocarbons, and wherein less than about 1 % by weight, when calculated 
on an atomic basis, of the condensable/hydrocarbons is sulfur. 

1263. The method of claim 1262, Wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hycfrocarbons within the selected section of the 
formation. / 

1 264. The method of claim 1 2o2, wherein the one or more heat sources comprise 
electrical heaters. / 

1265. The method of claim 1G62, wherein the one or more heat sources comprise 
surface burners. I 
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1266. The method of claim 1262, wherein the one or more heat sources comprise 
flameless distributed combustors. 

1 267. The method of claim 1 262, wherein the one or more heat sources comprise natural 
5 distributed combustors. \ 

1268. The method of claim 1 262, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 

1 0 a function of pressure. / 

^ 1 269. The method of claim 1 268, wherein controlling the temperature comprises 
*D maintaining the temperature within the selected section within a pyrolysis temperature 
£ range- / 




IP 1270. The method of claim 1262, further comprising controlling the heat into such that 
I an average heating rate of the selected section is less than about 1 °C per day during 
O pyrolysis. / 

/ 

j: 20 1271 . The method of claim 1262, wherein providing heat from the one or more heat 
^ sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
25 wherein heating energy/day provided to the volume is equal to or less than Pwr. 

wherein Pwr is calculated py the equation: 
Pwr = /?*F*C V W 

wherein Pwr is thp heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
30 °C/day. / 
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1 272. The method of claim 1 262, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



1273. The method of claim 1262, wherein providing heat from the one or more heat 
sources comprises heating the selected formation such that a thermal conductivity of at 
least a portion of the selected section is greate/ than about 0.5 W/(m °C). 

1274. The method of claim 1262, wherein/the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1275. The method of claim 1262, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 °/jo by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins/ 



1276. The method of claim 1262, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 



1277. The method of claim 1262, wherein the produced mixture comprises non- 
condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less than about 0.15, and wherein the ratio of ethene to 
ethane is greater than about 0/001 . 



1278. The method of claimf 1 262, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein/less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable Hydrocarbons is nitrogen. 

1279. The method of clAm 1 262, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable? hydrocarbons is oxygen. 
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1280. The method of claim 1262, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



1281. The method of claim 1 262, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than abput 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

10 1282. The method of claim 1262, whe/ein the produced mixture comprises condensable 

hydrocarbons, and wherein less than aoout 5 % by weight of the condensable 
■ f hydrocarbons comprises multi-ring aromatics with more than two rings. 

i / 

1283. The method of claim 1262, wherein the produced mixture comprises condensable 
1 5 hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 

hydrocarbons are asphaltenes. 

1284. The method of claim 1262, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein abdut 5 % by weight to about 30 % by weight of the 

20 condensable hydrocarbons are/cycloalkanes. 

1285. The method of claim A262, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is grekter than about 10 % by volume of the non-condensable 

25 component, and wherein tl}b hydrogen is less than about 80 % by volume of the non- 
condensable component. 

1286. The method of claim 1262, wherein the produced mixture comprises ammonia, 
and wherein greater thanfabout 0.05 % by weight of the produced mixture is ammonia. 
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1287. The method of claim 1262, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer/ 

1288. The method of claim 1262, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. / 

1289. The method of claim 1262, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H: 
within the mixture is greater than about 0.5 bar. 

1290. The method of claim 1289, wherein Ahe partial pressure of H 2 is measured when 
the mixture is at a production well. / 

1 291 . The method of claim 1262, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. / 

1292. The method of claim 1262, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

1 293 . The method of claim 1 262/ further comprising: 

providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of the Section with heat from hydrogenation. 

1294. The method of claim 1262, wherein the produced mixture comprises hydrogen 
and condensable hydrocarbon^ the method further comprising hydrogenating a portion of 
the produced condensable hycfrocarbons with at least a portion of the produced hydrogen. 
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1 295. The method of claim 1262, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 1 00 
millidarcy. / 



1296. The method of claim 1262, wherein allowing the heat to transfer comprises 



substantially uniformly increasing a permeability of a majority of the selected section. 



1297. The method of claim 1262, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

1298. The method of claim 1262, wherein producing the mixture comprises producing 
the mixture in a production well, and ^herein at least about 7 heat sources are disposed in 
the formation for each production we| 

1299. The method of claim 1262, fiirther comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1300. The method of claim 1262, further comprising providing heat from three or more 
heat sources to at least a portionf of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular/pattern, and wherein a plurality of the units are repeated 
over an area of the formation/to form a repetitive pattern of units. 



1301. A method of treatin 
raising a temperature 

sources to a first pyrolysis 
heating the first sec 

supplied to the first section 



a coal formation in situ, comprising: 
of a first section of the formation with one or more heat 
temperature; 

ion to an upper pyrolysis temperature, wherein heat is 
at a rate configured to inhibit olefin production; 
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/ 

producing a first mixture from the formation/ wherein the first mixture comprises 

/ 

condensable hydrocarbons and H2: / 

creating a second mixture from the first niixture, wherein the second mixture 
comprises a higher concentration of H2 than the/first mixture; 

raising a temperature of a second section of the formation with one or more heat 
sources to a second pyrolysis temperature; 

providing a portion of the second m/xture to the second section; 

heating the second section to an upper pyrolysis temperature, wherein heat is 
supplied to the second section at a rate configured to inhibit olefin production; and 

producing a third mixture from the second section. 



n 1 302. The method of claim 1 30 L wherein creating the second mixture comprises 

jQ removing condensable hydrocarbons tfrom the first mixture. 

D 5 1 303. The method of claim 1 301 , jkherein creating the second mixture comprises 

CO removing water from the first mixture. 



:20 



1304. The method of claim 130A , wherein creating the second mixture comprises 
removing carbon dioxide from the first mixture. 

1305. The method of claim 13pi, wherein the first pyrolysis temperature is greater than 
about 270 °C. 



1306. The method of claim lpOl, wherein the second pyrolysis temperature is greater 
25 than about 270 °C. 

1307. The method of claim Jl 30 1 , wherein the upper pyrolysis temperature is about 500 
°C. 



30 1308. The method of claim 
least two heat sources, and 



1301, wherein the one or more heat sources comprise at 
therein superposition of heat from at least the two heat 



/ 
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sources pyrolyzes at least some hydrocarbons within the first or second selected section 
of the formation. 

/; 

1 309. The method of claim 1301, wherein the one or more heat sources comprise 
5 electrical heaters. 

1310. The method of claim 1301, wherein $e one or more heat sources comprise 
surface burners. 

10 1311. The method of claim 1301, where^i the one or more heat sources comprise 
flameless distributed combustors. 
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1312. The method of claim 1301, wherein the one or more heat sources comprise natural 
distributed combustors. 

1313. The method of claim 1301 /further comprising controlling a pressure and a 
temperature within at least a majority of the first section and the second section of the 
formation, wherein the pressure is controlled as a function of temperature, or the 
temperature is controlled as a function of pressure. 

1314. The method of claim/1 301 , further comprising controlling the heat to the first and 
second sections such that aA average heating rate of the first and second sections is less 
than about 1 °C per day during pyrolysis. 



25 1315. The method of cl£im 1301, wherein heating the first and the second sections 
comprises: 

heating a selectfed volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
wherein heatihg energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 



30 
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Pwr = h*V*C v *p B / 
wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the ^eating rate is less than about 10 

°C/dav. 



1316. The method of claim 1301, wherein heating/ the first and second sections 
comprises transferring heat substantially by conduction. 

1317. The method of claim 1301, wherein heating the first and second sections 
comprises heating the first and second sections such that a thermal conductivity of at least 
a portion of the first and second sections is greater than about 0.5 W/(m °C). 



1318. The method of claim 1301, wherein the first or third mixture comprises 
condensable hydrocarbons having an API gravity of at least about 25°. 



1319. The method of claim 1301, wherein the first or third mixture comprises 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the condensable hydrocarbons are olefins. 



1 320. The method of claim 1301, wherein the first or third mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 

I 

condensable hydrocarbons ranges from about 0.001 to about 0.15. 



1321. The method of claim 1301, wherein the first or third mixture comprises 
condensable hydrocarbons, and wherein less than about 1 % by weight, when calculated 
on an atomic basis, of the condensable lydrocarbons is nitrogen. 

1 322. The method of claim 1301, wherein the first or third mixture comprises 
condensable hydrocarbons, and wherein less than about 1 % by weight, when calculated 
on an atomic basis, of the condensable hydrocarbons is oxygen. 
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1 323. The method of claim 1 30 K wherein the first or third mixture comprises 

/ 

condensable hydrocarbons, and wherein less than'about 1 % by weight, when calculated 
on an atomic basis, of the condensable hydrocarbons is sulfur. 



1 324. The method of claim 1301, wherein tMe first or third mixture comprises 
condensable hydrocarbons, wherein about 5/% by weight to about 30 % by weight of the 
condensable hydrocarbons comprise oxygen containing compounds, and wherein the 
oxygen containing compounds comprise phenols. 

/ 

1 325. The method of claim 1301, wherein the firsyor third mixture comprises 
condensable hydrocarbons, and wherein greater than about 20 % by weight of the 
condensable hydrocarbons are aromatic compounds. 



1326. The method of claim 1301, wherein the first or third mixture comprises 
condensable hydrocarbons, and wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 



1327. The method of claim 1 30^1 , wherein the first or third mixture comprises 
condensable hydrocarbons, and^wherein less than about 0.3 % by weight of the 
condensable hydrocarbons are asphaltenes. 



1328. The method of claim 130 1 , wherein the first or third mixture comprises 
condensable hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of 
the condensable hydrocarbons are cycloalkanes. 



1 329. The method of claim 1301, wherein the first or third mixture comprises a non- 
condensable component, and wherein the non-condensable component comprises 
hydrogen, and wherein the hydrogen is greater than about 10 % by volume of the non- 
condensable component and wherein the hydrogen is less than about 80 % by volume of 
the non-condensable component. 
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1330. The method of claim 1 301 , wherein the first or third mixture comprises ammonia 

/ / • 

and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



1331. The method of claim 1301, wherein the 
and wherein the ammonia is used to produce fei 



irst orthird mixture comprises ammonia, 
ilizer. 



1332. The method of claim 1301, further comprising controlling a pressure within at 
least a majority of the first or second sections pf the formation, wherein the controlled 
pressure is at least about 2.0 bar absolute. 

1 333. The method of claim 1301, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarpons and H2, wherein a partial pressure of 
within the mixture is greater than about 0.5 bar. 

1 334. The method of claim 1333, wherein the partial pressure of H 2 within a mixture is 
measured when the mixture is at a production well. 

1335. The method of claim 1301, furtHer comprising altering a pressure within the 
formation to inhibit production of hydrpcarbons from the formation having carbon 
numbers greater than about 25. 

1 336. The method of claim 1301, runner comprising: 
providing hydrogen (H2) to tWe first or second section to hydrogenate 

hydrocarbons within the first or secohd section; and 

heating a portion of the first i>r second section with heat from hydrogenation. 



1337. The method of claim 1301 

producing hydrogen and condensable 
hydrogenating a portion of the 

portion of the produced hydrogen 



ler comprising: . 

hydrocarbons from the formation; and 
produced condensable hydrocarbons with at least a 



I 
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1 338. The method of claim 1301, further comprising increasing a permeability of a 
majority of the first or second section to greater than about 100 millidarcy. 

1339. The method of claim 1301, further comprising substantially uniformly increasing 
5 a permeability of a majority of the first or second section. 

1340. The method of claim 1301 , wherein the heating is controlled to yield greater than 
about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

10 1341 . The method of claim 1301. wherein producing the first or third mixture comprises 
producing the first or third mixture in a production well, and wherein at least about 7 heat 
* sources are disposed in the format/on for each production well. 



^jp 1342. The method of claim 1101 , further comprising providing heat from three or more 

:Zl 5 heat sources to at least a portion of the formation, wherein three or more of the heat 

01 sources are located in the formation in a unit of heat sources, and wherein the unit of heat 

* sources comprises a triangular pattern. 



■Hi 



1343. The method of claim 1301 , further comprising providing heat from three or more 
1 20 heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

25 1344. A method of treating a coal formation in situ, comprising: 

providing heat from one or more heat sources to at least a portion of the 



30 



formation; 



allowing the/heat to transfer from the one or more heat sources to a selected 
section of the formation; 

producing W mixture from the formation; and 
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hydrogenating a portion of the produced mixture with H2 produced from the 
formation. 

1 345. The method of claim 1344, wherein tifie one or more heat sources comprise at 
5 least two heat sources, and wherein superposition of heat from at least the two heat 

sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

1 346. The method of claim 1344, further/comprising maintaining a temperature within 
10 the selected section within a pyrolysis temperature range. 

1347. The method of claim 1344, wheipin the one or more heat sources comprise 
electrical heaters. 

1 

,15 1 348. The method of claim 1 344, wherein the one or more heat sources comprise 
surface burners. 

1 349. The method of claim 1 344, wherein the one or more heat sources comprise 
flameless distributed combustors. 



Hi 



1350. The method of claim 1344, ^herein the one or more heat sources comprise natural 
distributed combustors. 

1351. The method of claim 1 344, (further comprising controlling a pressure and a 
25 temperature within at least a majority of the selected section of the formation, wherein 

the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. / 

1352. The method of claim 1344, further comprising controlling the heat such that an 
30 average heating rate of the selected section is less than about 1 °C per day during 

pyrolysis. 
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1353. The method of claim 1344, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to th^ volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day//? is an average heating rate of the 
formation, p B is formation bulk density, and jvherein the heating rate is less than about 1 0 
°C/dav. 



1 354. The method of claim 1 344, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1355. The method of claim 1344, wnerein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is/greater than about 0.5 W/(m °C). 

1356. The method of claim 1344, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1357. The method of claim/l 344, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein /about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons' are olefins. 

1 358. The method of claim 1 344, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 
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1359. The method of claim 1344, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1360. The method of claim 1344. wherein the prodfuced mixture comprises condensable 
hvdrocarbons, and wherein less than about 1 % by/weight, when calculated on an atomic 

1361. The method of claim 1 344, wherein the^produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 °/jo by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



1 362. The method of claim 1 344, wherein^the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containingjcompounds, and wherein the oxygen 
containing compounds comprise phenols. 



1363. The method of claim 1344, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



1364. The method of claim 1344, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

1 365 . The method of claim 1 344, wherein the produced mixture comprises condensable 



hydrocarbons, and wherein less than 
hydrocarbons are asphaltenes. 



about 0.3 % by weight of the condensable 
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1366. The method of claim 1344, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

/ 

1 367. The method of claim 1344, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 1 0 % by volume of the non-condensable 
component, and wherein the hydrogen is less tfyan about 80 % by volume of the non- 
condensable component. 

1 368. The method of claim 1 344, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



O 
08 

=C 1 5 and wherein the ammonia is used to produce fertilizer. 



1 369. The method of claim 1 344, whereiry the produced mixture comprises ammonia. 



1 370. The method of claim 1 344, further comprising controlling a pressure within at 
least a majority of the selected section cff the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

1371. The method of claim 1 344, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H 2 within the mixture is greater than 
about 0.5 bar. 



25 1 3 72. The method of claim 1 344/ wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 

1373. The method of claim 1 344, further comprising altering a pressure within the 
formation to inhibit production pf hydrocarbons from the formation having carbon 
30 numbers greater than about 25.1 
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1 3 74. The method of claim 1 344, further comprising: 

providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 
within the section; and I 

heating a portion of the section with heat from hydrogenation. 



10 
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1375. The method of claim 1 344, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the sheeted section to greater than about 100 
millidarcy. 

1 376. The method of claim 1 344, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1377. The method of claim 1344, further Comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

1378. The method of claim 1 344, whe/ein producing the mixture comprises producing 
the mixture in a production well, and Wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



M20 1379. The method of claim 1 344, farther comprising providing heat from three or more 
heat sources to at least a portion of me formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



25 



30 



1 380. The method of claim 1 344, further comprising providing heat from three or more 
heat sources to at least a portion Jbf the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 



sources comprises a triangular 



jattem, and wherein a plurality of the units are repeated 



over an area of the formation to form a repetitive pattern of units. 



1381. A method of treating a 



coal formation in situ, comprising: 
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heating a first section of the formation; 
producing H2 from the first section of formation; 
heating a second section of the formation; and 

recirculating a portion of the H2 from the first section into the second section of 
the formation to provide a reducing environment within the second section of the 
formation. / 

1382. The method of claim 1381, wherein heating the first section or heating the second 
section comprises heating with an electrical! heater. 

1383. The method of claim 1381 , wherein heating the first section or heating the second 
section comprises heating with a surface burner. 

1 384. The method of claim 1381, wherein heating the first section or heating the second 
section comprises heating with a flaiiieless distributed combustor. 

1385. The method of claim 1381 /wherein heating the first section or heating the second 
section comprises heating with a natural distributed combustor. 

1386. The method of claim 1381 , further comprising controlling a pressure and a 
temperature within at least a majority of the first or second section of the formation, 
wherein the pressure is controlled as a function of temperature, or the temperature is 
controlled as a function of pressure. 

1387. The method of claim 1381, further comprising controlling the heat such that an 
average heating rate of the/first or second section is less than about 1 °C per day during 
pyrolysis. / 

1388. The method of claim 1381, wherein heating the first section or heating the second 
section further comprises: 
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heating a selected volume (*0 of the coal formation from the one or more heal 
sources, wherein the formation has an average heau capacity (C v ). and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to th£ volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = **P*C V % 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 1 0 

°C/day. / 



1389. The method of claim 1381, wherein heating the first section or heating the second 
section comprises transferring heat substantially by conduction. 



1 390. The method of claim 1381, wherein heating the first section or heating the second 
section comprises heating the formation such that a thermal conductivity of at least a 
portion of the first or second section is greater than about 0.5 W/(m °C). 

/ 

1391. The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons 
having an API gravity of at least about 25°. 

/ 

| 

1 392. The method of claim 1381, 'further comprising producing a mixture from the 

/ 

second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 0.1 % by weight to,!about 15 % by weight of the condensable hydrocarbons 
are olefins. / 

/ 

i 

1 393 . The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises non-condensable hydrocarbons, 
and wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons 

ranges from about 0.001 to about 0.15 

f 



f 
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1394. The method of claim 1381. further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. 

1 395. The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture 'comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. 



1 396. The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. 



1397. The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to about /30 % by weight of the condensable hydrocarbons 



comprise oxygen containing compounds, and wherein the oxygen containing compounds 
comprise phenols. j 

1398. The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. / 



1 399. The method of claim 1 38 j 1 , further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 
ring aromatics with more than two rings. 
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] 400. The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 

wherein less than about 0.3 % by weight of the condensable hydrocarbons are 

.* 

asphaltenes. 

1 401. The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to about 30 % by ^jeight of the condensable hydrocarbons 
are cycloalkanes. 

1 402. The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by volume of the nofi-condensable component, and wherein the 
hydrogen is less than about 80 % by volume /of the non-condensable component. 

1 403 . The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises ammonia, and wherein greater 
than about 0.05 % by weight of the produced mixture is ammonia. 

1404. The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mature comprises ammonia, and wherein the 
ammonia is used to produce fertilizer. 

1 405 . The method of claim 1381, further comprising controlling a pressure within at 
least a majority of the first or second Section of the formation, wherein the controlled 
pressure is at least about 2.0 bar absolute. 



1 406. The method of claim 1381, further comprising controlling formation conditions to 



produce a mixture of condensable 



lydrocarbons and H2, wherein a partial pressure of H2 



within the mixture is greater than E bout 0.5 bar. 
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1 407. The method of claim 1406, wherein the partial pressure of H2 within a mixture is 
measured when the mixture is at a production well. 



ftering a pressure within the 
le formation having carbon 

1 409. The method of claim 1381, further comprising: 

providing hydrogen (H2) to the second section to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of the second section with heat from hydrogenation. 

1410. The method of claim 1381, further comprising: 

producing hydrogen and condensable Hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. / 

1411. The method of claim 1381, wherein heating the first section or heating the second 
section comprises increasing a permeability of a majority of the first or second section, 
respectively, to greater than about 100 mfllidarcy. 

1412. The method of claim 1381, whe/ein heating the first section or heating the second 
section comprises substantially uniformly increasing a permeability of a majority of the 
first or second section, respectively. / 

1413. The method of claim 1381, further comprises controlling the heating of the first 
section or controlling the heat of the second section to yield greater than about 60 % by 
weight of condensable hydrocarbons, as measured by Fischer Assay. 



1 408. The method of claim 1381, further comprising \ 
formation to inhibit production of hydrocarbons from 
numbers greater than about 25. 
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1414. The method of claim 1381. further comprising producing a mixture from the 
formation in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. / 

1415. The method of claim 1381, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. / 

1416. The method of claim 1381, farmer comprising providing heat from three or more 
heat sources to at least a portion of thfe formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to/form a repetitive pattern of units. 

1417. A method of treatingya coal formation in situ, comprising: 
providing heat fronvone or more heat sources to at least a portion of the 

formation; / 

allowing the heat/to transfer from the one or more heat sources to a selected 
section of the formation; 

producing a mixture from the formation; and 

controlling formation conditions such that the mixture produced from the 
formation comprises condensable hydrocarbons including H2, wherein the partial 
pressure of H2 within the mixture is greater than about 0.5 bar. 

1418. The method of claim 1417, wherein the one or more heat sources comprise at 
least two heat sojurces, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. / 
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1419. The method of claim 1417, wherein controlling formation conditions comprises 

maintaining a temperature within the selected section within a pyrolysis temperature 

I 

range. 

5 1 420. The method of claim 1417, wherein the on£ or more heat sources comprise 
electrical heaters. 



1 42 1 . The method of claim 1417, wherein the ope or more heat sources comprise 
surface burners. 

10 

1422. The method of claim 1417, wherein the/one or more heat sources comprise 
flameless distributed combustors. 

1423. The method of claim 1417, wherein t&e one or more heat sources comprise natural 
1 5 distributed combustors. 



o 



1 424. The method of claim 1417, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 



ry 20 a function of pressure. 



25 



1425. The method of claim 1417, further comprising controlling the heat such that an 
average heating rate of the selected sectijon is less than about 1 °C per day during 
pyrolysis. 

1426. The method of claim 1417, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an iverage heat capacity (C v ), and wherein the heating 
30 pyrolyzes at least some hydrocarbons Within the selected volume of the formation; and 
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wherein heating energy/day provided to the volume is equal to or less than /Vr. 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, //is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 

°C/day. 

1427. The method of claim 1417, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1428. The method of claim 1417, wherein providing heat from the one or more heat 
sources comprises heating the selected^ection such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

1429. The method of claim 1417, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1430. The method of claim 141 JI, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0. 1 % by weight to about 1 5 % by weight of the 
condensable hydrocarbons are olefins. 

1431. The method of claim 1417, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

1 432. The method of claim 1417, wherein the produced mixture comprises condensable 
hydrocarbons, and wherem less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable/hydrocarbons is nitrogen. 
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1433. The method of claim 1417. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygd 

5 1434. The method of claim 141 7, wherein tiie produced mixture comprises condensable 
hydrocarbons, and wherein less than about / % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is iulfur. 

1435. The method of claim 1417, wherein the produced mixture comprises condensable 
10 hydrocarbons, wherein about 5 % by/weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen comaining compounds, and wherein the oxygen 
containing compounds comprise phenols. 



S 

*P 15 
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1436. The method of claim 1417, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

1437. The method of claftn 1417, wherein the produced mixture comprises condensable 
hydrocarbons, and wherdin less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

1438. The method oy claim 1417, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

1 439. The method of claim 1417, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



30 1 440. The method of claim 1417, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
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wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less tlian about 80 % by volume of the non- 
condensable component. / 



5 1 44 1 . The method of claim 1417, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1442. The method of claim 1417, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to p/oduce fertilizer. 

10 

1443. The method of claim 1417, further comprising controlling a pressure within at 
least a majority of the selected sec/ion of the formation, wherein the controlled pressure 

q is at least about 2.0 bar absolute. 

1 5 1 444. The method of claim 1417, further comprising altering a pressure within the 

* " / 

~ formation to inhibit production/of hydrocarbons from the formation having carbon 
numbers greater than about 25/ 



m 



1445. The method of claim 1417, wherein controlling formation conditions comprises 

1 20 recirculating a portion of hydrogen from the mixture into the formation. 

i i 
i / 

1446. The method of clainft 1417, further comprising: 

providing hydrogerjf (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and 
25 heating a portion 6f the section with heat from hydrogenation. 



1 447. The method of claim 1417, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
30 portion of the produced hydrogen. 
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1448. The method of claim 1417, wherein allowing the- heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 1 00 
millidarcy. 



1449. The method of claim 1417, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



1450. The method of claim 1417, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

145 1 . The method of claim 1417, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production/well. 

1452. The method of claim 141 7, further comprising providing heat from three or more 
heat sources to at least a porti/n of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



1 453 . The method of claim 1417, further comprising providing heat from three or more 
heat sources to at least ^portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



1454. The method of claim 1417, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well 



1455. A method of treating a coal formation in situ, comprising: 

providing heat from one or more heat sources to at least a portion of the 
formation; 
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allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; 

maintaining a pressure of the selected section above atmospheric pressure to 
increase a partial pressure of H2, as compared to the partial pressure of H2 at atmospheric 
5 pressure, in at least a majority of the selected section; and 

producing a mixture from the formation, wherein the produced mixture comprises 
condensable hydrocarbons having an API gravity of at least about 25°. 



1456. The method of claim 1455, wherein the/one or more heat sources comprise at 
10 least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbon^ within the selected section of the 
formation. 

CO 1457. The method of claim 1455, further comprising maintaining a temperature within 
ZIl5 the selected section within a pyrolysis temperature range. 



01 



1458. The method of claim 1455, where/n the one or more heat sources comprise 
electrical heaters. 



ho 1459. The method of claim 1455, wheyein the one or more heat sources comprise 
P surface burners. 

1460. The method of claim 1455, wqerein the one or more heat sources comprise 
flameless distributed combustors. 



25 



1461 . The method of claim 1455, ^herein the one or more heat sources comprise natural 
distributed combustors. 



1462. The method of claim 145 5 J further comprising controlling the pressure and a 
30 temperature within at least a majority of the selected section of the formation, wherein 
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the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 



1463. The method of claim 1455, further composing controlling the heat such that an 
average heating rate of the selected section is l^ss than about 1 °C per day during 
pyrolysis. 

1464. The method of claim 1455, wherein/providing heat from the one or more heat 
sources to at least the portion of formation^ comprises: 

heating a selected volume (V) of tne coal formation from the one or more heat 
sources, wherein the formation has an ^verage heat capacity (C v ), and wherein the heating 

pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

/ 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B j 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. / 



1465. The method of claim 1455, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



1466. The method of claim 1455, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

/ 

1 467. The method of claim ; 1 455, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 
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1468. The method of claim 1455, wherein the Produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from aboutr 0.00 1 to about 0.15. 

1 469. The method of claim 1 455, wherei/ the produced mixture comprises condensable 
hydrocarbons, and wherein less than aboM 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons As nitrogen. 

1 470. The method of claim 1 455, wMerein the produced mixture comprises condensable 
hydrocarbons, and wherein less than/about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

1471 . The method of claim 1455/ wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less tftan about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrodarbons is sulfur. 

1472. The method of claim 1455. wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygep containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

1473. The method of claim 1455, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein/greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic/compounds. 

1474. The method of claim 1455, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises pulti-ring aromatics with more than two rings. 
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1475. The method of claim 1455, wherein thelproduced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3/% by weight of the condensable 
hydrocarbons are asphaltenes. 

5 1476. The method of claim 1455, whereinfthe produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by Weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkaips. 

1477. The method of claim 1455, wherfein the produced mixture comprises a non- 
10 condensable component, wherein the npn-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogeij is less than about 80 % by volume of the non- 
condensable component. 

1^15 1478. The method of claim 1455, wherein the produced mixture comprises ammonia, 
~ and wherein greater than about 0.051% by weight of the produced mixture is ammonia. 
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1479. The method of claim 1455, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used tp produce fertilizer. 

1480. The method of claim 1455, further comprising controlling the pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



25 



1481 . The method of claim 1455, further comprising increasing the pressure of the 
selected section, to an upper limit of about 21 bar absolute, to increase an amount of non- 
condensable hydrocarbons produced from the formation 



30 section, to a lower limit of about 



1 482. The method of claim 1455, further comprising decreasing pressure of the selected 



atmospheric pressure, to increase an amount of 



condensable hydrocarbons produced from the formation. 
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1483. The method of claim 1455, wherein the partial pressure comprises a partial 
pressure based on properties measured at a production/well. 

1484. The method of claim 1455, further comprising altering the pressure within the 
formation to inhibit production of hydrocarbons fijom the formation having carbon 
numbers greater than about 25. 

1485. The method of claim 1455, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

1486. The method of claim 1455, further Comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section With heat from hydrogenation. 



1487. The method of claim 1455, further comprising: 

/ 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the/produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. / 



1488. The method of claim 1455, vvherein allowing the heat to transfer comprises 
increasing 
millidarcy. 



increasing a permeability of a majority of the selected section to greater than about 1 00 



1489. The method of claim 1455, wherein allowing the heat to transfer comprises 

substantially uniformly increasing a permeability of a majority of the selected section. 

/ 

1 490. The method of claim 1455, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 
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1491 . The method of claim 1455. wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least jabout 7 heat sources are disposed in 
the formation for each production well. 

5 1 492. The method of claim 1 455, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. j 

I 

10 1493. The method of claim 1455, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a,repetitive pattern of units. 

15 

1494. A method of treating a coal formation in situ, comprising: 

providing heat from one or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
20 section of the formation; 

providing H2 to the formation to produce a reducing environment in at least some 
of the formation; 

producing a mixture from the formation. 

/ 

25 1 495. The method of claim 1^94, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. / 

1 

30 1 496. The method of claim 1 494. further comprising maintaining a temperature within 



the selected section within'a pyrolysis temperature range. 
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1497. The method of claim 1494, further comprising separating a portion of hydrogen 
within the mixture and recirculating the portion into the formation. 



1498. The method of claim 1494, wherein the one oi/more heat sources comprise 
electrical heaters. 

1499. The method of claim 1494, wherein the oi/e or more heat sources comprise 
surface burners. 

1 500. The method of claim 1 494, wherein ih/k one or more heat sources comprise 
flameless distributed combustors. 

1501 . The method of claim 1494, whereiyl the one or more heat sources comprise natural 
distributed combustors. 

1502. The method of claim 1494, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function/ of temperature, or the temperature is controlled as 
a function of pressure. 

1503. The method of claim 1494, further comprising controlling the heat such that an 
average heating rate of the selected/section is less than about 1 °C per day during 
pyrolysis. 

1 504. The method of claim 1 494, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volurrfe (V) of the coal formation from the one or more heat 
sources, wherein the formationihas an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
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wherein heating energy/day provided to the volume is equal to or less than Pw t\ 
wherein Pwr is calculated by the equation: / 
Pwr = h*V*C v p B / 

wherein Pwr is the heating energy/day, h is eui average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 1 0 

°C/day. / 

1 505. The method of claim 1494, wherein allowing the heat to transfer comprises 
transferring heat substantially by conductions 

1 506. The method of claim 1494, wherem providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is grea/er than about 0.5 W/(m °C). 

1507. The method of claim 1494, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity /of at least about 25°. 

1 508. The method of claim 1494,/wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about .0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

1 509. The method of claim 1494, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons rariges from about 0.001 to about 0.15. 

1510. The method of claim 1 494, wherein the produced mixture comprises condensable 
hydrocarbons, and whereiri less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable /hydrocarbons is nitrogen. 
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1511. The method of claim 1494. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

5 1512. The method of claim 1494, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % py weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulf 

1513. The method of claim 1 494, wherein me produced mixture comprises condensable 
10 hydrocarbons, wherein about 5 % by weignt to about 30 % by weight of the condensable 

hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols 

1514. The method of claim 1 494, wherein the produced mixture comprises condensable 
115 hydrocarbons, and wherein greater than about 20 % by weight of the condensable 

hydrocarbons are aromatic compounds. 

1515. The method of claim 1 494,/wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 

y 20 hydrocarbons comprises multi-ririg aromatics with more than two rings. 

5 / 

* 1516. The method of claim 1 494, wherein the produced mixture comprises condensable 
. hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes/ 

25 

1517. The method of claim? 1 494, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein/about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons' are cycloalkanes. 

/ 

30 1518. The method of claim 1 494, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
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wherein the hydrogen is greater than about 10 f/o by volume of the non-condensable 
component, and wherein the hydrogen is less/than about 80 % by volume of the non- 
condensable component. 

5 1519. The method of claim 1 494, whereid the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1 520. The method of claim 1494, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1 521 . The method of claim 1494, further comprising controlling a pressure within at 
least a majority of the selected section /of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

1 15 1522. The method of claim 1494, filrther comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. 



1523. The method of claim 1494 J wherein the partial pressure of H2 within the mixture 
20 is measured when the mixture is at a production well. 



25 



30 



1 524. The method of claim 149^ , further comprising altering a pressure within the 



formation to inhibit production o: 
numbers greater than about 25. 



hydrocarbons from the formation having carbon 



1525. The method of claim 1494, wherein providing hydrogen (H 2 ) to the formation 
further comprises: 

hydrogenating hydrocarbons within the section; and 

heating a portion of the section with heat from hydrogenation. 

1526. The method of claim 1494, further comprising: 
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producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 

5 1 527. The method of claim 1494, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 1 00 
millidarcy. 

1 528. The method of claim 1494, wherein allowing the heat to transfer comprises 
10 substantially uniformly increasing a permeability of a majority of the selected section. 

1 529. The method of claim 1494, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensate hydrocarbons, as measured by Fischer Assay. 

^15 1530. The method of claim 1 494, wMerein producing the mixture comprises producing 
H the mixture in a production well, andf wherein at least about 7 heat sources are disposed in 
J2 the formation for each production vs/ell. 

p 1531. The method of claim 1 494/ further comprising providing heat from three or more 
Si 20 heat sources t0 at least a portion m the formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
f% \ 
2 sources comprises a triangular riattern. 



1532. The method of claim 1/494, further comprising providing heat from three or more 
25 heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the foiftnation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

30 1 533. A method of treatii g a coal formation in situ, comprising: 
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providing heat from one or more heat sources to pt least a portion of the 
formation; 

allowing the heat to transfer from the one or njfore heat sources to a selected 
section of the formation; 

providing H2 to the selected section to hydrc/genate hydrocarbons within the 
selected section and to heat a portion of the section with heat from the hydrogenation; 
and / 

controlling heating of the selected section by controlling amounts of H 2 provided 
to the selected section. 



1 534. The method of claim 1 533, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbon^ within the selected section of the 
formation. 



1535. The method of claim 1533, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

1 536. The method of claim 1 533, wherein the one or more heat sources comprise 
electrical heaters. 

1537. The method of claim 1533, wherpin the one or more heat sources comprise 
surface burners. 

1538. The method of claim 1533, wherein the one or more heat sources comprise 
flameless distributed combustors. 

1539. The method of claim 1533, wherein the one or more heat sources comprise natural 
distributed combustors. 
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1 540. The method of claim 1533, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or tpe temperature is controlled as 
a function of pressure. 

1 54 1 . The method of claim 1533, further comprising controlling the heat such that an 
average heating rate of the selected section is less Jnan about 1 °C per day during 

pyrolysis. 

1542. The method of claim 1 533, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day prodded to the volume is equal to or less than Pwr. 
wherein Pwr is calculated by the equation: 

Pwr = /z*F*C v % 

wherein Pwr is the heating en&rgy/day, A is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 1 0 
°C/day. 

1543. The method of claim 153/3, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1 544. The method of claim 1533, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

1545. The method of claim 1533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons having an 
API gravity of at least about 25°. 
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1 546. The method of claim 1 533, further comprising procuring a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 0.1 % by weight to about 15 % by weignt of the condensable hydrocarbons 

5 are olefins. 

1547. The method of claim 1533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene to ethane in th^non-condensable hydrocarbons ranges 

1 0 from about 0.00 1 to about 0.15. 

1 548. The method of claim 1 533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 

yg wherein less than about 1 % by weight, \yhen calculated on an atomic basis, of the 
g! 1 5 condensable hydrocarbons is nitrogen. 



pi 1 549. The method of claim 1533, further comprising producing a mixture from the 

^ formation, wherein the produced mixture comprises condensable hydrocarbons, and 

p wherein less than about 1 % by weigjit, when calculated on an atomic basis, of the 

£ I 

^ , 20 condensable hydrocarbons is oxygen. 

op / 

fT 1550. The method of claim 1 53 3^ further comprising producing a mixture from the 

. formation, wherein the produced/mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 

25 condensable hydrocarbons is sulfur. 



1551. The method of claim lp33 } further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 

about 5 % by weight to about 30 % by weight of the condensable hydrocarbons comprise 

■/ 

30 oxygen containing compounds, and wherein the oxygen containing compounds comprise 
phenols. 
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1552. The method of claim 1533, further comprising producing a mixture from the 
formation wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than about 20 % by weight of the c^hdensable hydrocarbons are aromatic 

5 compounds. 

1 553. The method of claim 1 533, further comprising producing a mixture from the 

/ 

formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight of th^condensable hydrocarbons comprises multi- 
1 0 ring aromatics with more than two rings. 



1 554. The method of claim 1533, further comprising producing a mixture from the 

0 formation, wherein the produced mixture comprises condensable hydrocarbons, and 

S wherein less than about 0.3 % by weight of the condensable hydrocarbons are 

Cy ' 

4=15 asphaltenes. 

H ! 
O 

01 1555. The method of claim 1533, further comprising producing a mixture from the 

jM: / 

s formation, wherein the produced mixture comprises condensable hydrocarbons, and 



wherein about 5 % by weight to at>out 30 % by weight of the condensable hydrocarbons 
PJ20 are cycloalkanes. / 



U 



/ 

1556. The method of claim 1 5/33, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensably component comprises hydrogen, wherein the hydrogen is 
25 greater than about 10 % by volume of the non-condensable component, and wherein the 



hydrogen is less than about/80 % by volume of the non-condensable component. 

1557. The method of claim 1533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein greater than 
30 about 0.05 % by weight of the produced mixture is ammonia. 
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1558. The method of claim 1533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises jammoni a, and wherein the ammonia 
is used to produce fertilizer. 

5 1 559. The method of claim 1 533, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

1 560. The method of claim 1 533, further comprising controlling formation conditions to 
10 produce a mixture from the formation, wherein a partial pressure of H2 within the mixture 
is greater than about 0.5 bar. 



fU5 



1561. The method of claim 1 560, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 

1 562. The method of claim 1533, farther comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



4,20 
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1563. The method of claim 1536, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from a produced mixture into the formation. 

1 564. The method of claim 1533, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 



30 



1 565. The method of claim 1 533, wherein allowing the heat to transfer comprises 
increasing a permeability /of a majority of the selected section to greater than about 100 
millidarcy. 
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1566. The method of claim 1 533, wherein allowing tftfe heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1 567. The method of claim 1 533, wherein the heating is controlled of claim 1 533. 
further comprising producing a mixture in a pro/auction well, and wherein at least about 7 
heat sources are disposed in the formation for/each production well. 

1568. The method of claim 1533, further Comprising providing heat from three or more 
heat sources to at least a portion of the foraiation, wherein three or more of the heat 
sources are located in the formation in a^nit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1569. The method of claim 1533, fiirther comprising providing heat from three or more 
heat sources to at least a portion of me formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1570. An in situ method for producing H2 from a coal formation, comprising: 
providing heat from oijfe or more heat sources to at least a portion of the 

formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; 

producing a mixtunfe from the formation, wherein a H 2 partial pressure within the 
mixture is greater than about 0.5 bar. 

1571. The method of claim 1 570, wherein the one or more heat sources comprise at 
least two heat sources, hnd wherein superposition of heat from at least the two heat 
sources pyrolyzes at l^ast some hydrocarbons within the selected section of the 
formation. 
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1 572. The method of claim 1 570, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature ranged 

1 573. The method of claim 1 570, wherein the one or $hore heat sources comprise 
5 electrical heaters. 

1 574. The method of claim 1 570, wherein the one £r more heat sources comprise 
surface burners. 

10 1 575. The method of claim 1 570, wherein the ovfe or more heat sources comprise 
flameless distributed combustors. 

I 1 576. The method of claim 1 570. wherein the j£>ne or more heat sources comprise natural 
\ distributed combustors. 



: 15 
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1 577. The method of claim 1 570, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of tepiperature, or the temperature is controlled as 
a function of pressure. 

1 578. The method of claim 1 570, further comprising controlling the heat such that an 
average heating rate of the selected sectipn is less than about 1 °C per day during 
pyrolysis. 



25 
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1 579. The method of claim 1 570, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 



heating a selected volume (V) 



of the coal formation from the one or more heat 



sources, wherein the formation has a i average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbon ; within the selected volume of the formation; and 
wherein heating energy/day j rovided to the volume is equal to or less than Pwr. 
wherein Pwr is calculated by the equation: 
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Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is dn average heating rate of the 
formation, p B is formation bulk density, and wher^ the heating rate is less than about 10 
°C/day. 

5 

1 580. The method of claim 1 570, wherein avowing the heat to transfer comprises 
transferring heat substantially by conduction 

1581. The method of claim 1 570, wherein providing heat from the one or more heat 

10 sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



til 
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1 582. The method of claim 1 570, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1 583. The method of claim 1 570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



1 584. The method of claim 1 570, wherein the produced mixture comprises non- 

I condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.00 1 to about 0.15. 

1 585. The method of claim 1570, wherein the produced mixture comprises condensable 
25 hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons is nitrogen. 



1 586. The method of claim 1 570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
30 basis, of the condensable hydrocarbons is oxygen. 
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1587. The method of claim 1570. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by )veight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

5 1 588. The method of claim 1 570, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

10 1 589. The method of claim 1 570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater tha^i about 20 % by weight of the condensable 
hydrocarbons are aromatic compound 

if% I 
^ 1 590. The method of claim 1 570, /Wherein the produced mixture comprises condensable 

~F 15 hydrocarbons, and wherein less than about 5 % by weight of the condensable 

q hydrocarbons comprises multi-ring aromatics with more than two rings. 

^ 1 591 . The method of claim 15 70, wherein the produced mixture comprises condensable 
jj hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
fy 20 hydrocarbons are asphaltenes. 

1 592. The method of claim 1 570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

/ 

1 593. The method of claim 1 570, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
30 condensable component. 
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1594. The method of claim 1 570, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1 595. The method of claim 1 570, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer/ 

1 596. The method of claim 1 570, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. / 

1 597. The method of claim 1 570, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. / 

1 598. The method of claim 1 570, furthey comprising recirculating a portion of the 
hydrogen within the mixture into the formation. 

1 599. The method of claim 1 570, ftu 
component from the produced mixturi 
with a portion of the hydrogen. / 

1 600. The method of claim 1 570,/further comprising: 
providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 

within the section; and / 

heating a portion of the section with heat from hydrogenation. 

1 60 1 . The method of claim 1570, wherein allowing the heat to transfer comprises 
increasing a permeability of a/majority of the selected section to greater than about 100 
millidarcy. / 
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ier comprising condensing a hydrocarbon 

and hydrogenating the condensed hydrocarbons 



1 602. The method of claim 1 570, wherein allowing Wheat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1 603. The method of claim 1 570, further comprising controlling the heat to yield greater 
5 than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

1604. The method of claim 1 570, wherein producing the mixture comprises producing 
the mixture in a production well, and whereinyat least about 7 heat sources are disposed in 
the formation for each production well. 



10 



1 605. The method of claim 1 570, further Comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a^nit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



1 606. The method of claim 1 570, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
C3 sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
fy 20 over an area of the formation to form a repetitive pattern of units. 

G 

M* 1 607. The method of claim 1 570, wherein the partial pressure of H 2 within the mixture 
is measured when the mixture is at a production well. 

25 1 608. A method of treating a coal formation in situ, comprising: 

providing heat from one or more heat sources to at least a portion of the 
formation; 

allowing the heat to, transfer from the one or more heat sources to a selected 
section of the formation; 
30 wherein the selected section has been selected for heating using an atomic 

hydrogen weight percentage of at least a portion of hydrocarbons in the selected section. 
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and wherein at least the portion of the hydrocarbons \n the selected section comprises an 
atomic hydrogen weight percentage, when measured on a dry, ash-free basis, of greater 
than about 4.0 %; and 

producing a mixture from the formation 

1 609. The method of claim 1 608, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

1610. The method of claim 1608, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

1611. The method of claim 1 60^, wherein the one or more heat sources comprise 
electrical heaters. 

1612. The method of claim Jr608, wherein the one or more heat sources comprise 
surface burners. 

1613. The method of claim 1608, wherein the one or more heat sources comprise 
flameless distributed combustors. 



1614. The method of claim 1608, wherein the one or more heat sources comprise natural 

/ 

distributed combustors. 



1615. The method/ of claim 1608, further comprising controlling a pressure and a 

I 

temperature within at least a majority of the selected section of the formation, wherein 

/ 

the pressure is controlled as a function of temperature, or the temperature is controlled as 

/ 

a function of pressure. 
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1616. The method of claim 1608. further comprising controlling the heal such that an 
average heating rate of the selected section is l^ss than about 1 °C per day during 
pyrolysis. 

1617. The method of claim 1 608, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (K) of/the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B 

wherein Pwr is the heatirig energy/day, A is an average heating rate of the 
formation, p B is formation bulk/density, and wherein the heating rate is less than about 1 0 
°C/day. 

1618. The method of claim 1 608, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1619. The method of claim 1 608, wherein providing heat from the one or more heat 
sources comprises heatihg the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

1 620. The method df claim 1 608, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1 62 1. The method of claim 1 608, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 
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1622. The method of claim 1608, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar/ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0(001 to about 0. 1 5. 

5 1623. The method of claim 1608. wherein tne produced mixture comprises condensable 
hydrocarbons ; and wherein less than about % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons istfiitrogen. 

1624. The method of claim 1608, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons is oxygen. 

1625. The method of claim 1608, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

1 5 basis, of the condensable hydrocarbons is sulfur. 



M* 1 626. The method of claim 1608, wherein the produced mixture comprises condensable 

p hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
20 containing compounds comprise phenols. 



1627. The method of claim 1608, wherein the produced mixture comprises condensable 
hydrocarbons, and wherefin greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



r3£ 
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1 628. The method of claim 1608, wherein the produced mixture comprises condensable 
hydrocarbons; and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 
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1629. The method of claim 1608, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % fy weight of the condensable 
hydrocarbons are asphaltenes. 

5 1 630. The method of claim 1 608, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

1631. The method of claim 1 608, whe/ein the produced mixture comprises a non- 
10 condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. / 



H* 1 5 1 632. The method of claim 1 608, wherein the produced mixture comprises ammonia, 
and wherein greater than about o/o5 % by weight of the produced mixture is ammonia. 



20 



1633. The method of claim 1608, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1634. The method of claim 1608, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 

is at least about 2.0 bar absolute. 

/ 
/ 
/ 

25 1635. The method of claim 1608, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. / 



1636. The method of (lairn 1635, wherein the partial pressure of H2 within the mixture 
30 is measured when thef mixture is at a production well. 
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1 63 7. The method of claim 1 608, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

1 638. The method of claim 1 608, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

1639. The method of claim 1608, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from hydrogenation. 

1640. The method of claim 1608, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 

1 641 . The method of claim 1 608, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 1 00 
millidarcy. 

1 642. The method of claim 1 608, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1 643. The method of claim 1 608, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

1 644. The method of claim 1 608, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



Conlev Rose & Tayon. P C 



1645. The method of claim 1608, further comprising providing heaj/from three or more 
heat sources to at least a portion of the formation, wherein three op4nore of the heat 
sources are located in the formation in a unit of heat sources, ana wherein the unit of heat 
sources comprises a triangular pattern. 

1 646. The method of claim 1 608, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wfaere/n three or more of the heat 
sources are located in the formation in a unit of heat purees, wherein the unit of heat 
sources comprises a triangular pattern, and whereintyplurality of the units are repeated 

1647. A method of treating a coal formation ivi situ, comprising: 
providing heat from one or more heat jsqurces to at least a portion of the 

formation; 

allowing the heat to transfer from thfe/one or more heat sources to a selected 
section of the formation; / / 

wherein at least some hydrocarbons within the selected section have an initial 
atomic hydrogen weight percentage of greater than about 4.0 %; and 

producing a mixture from the formation. 

// 

// 

1 648. The method of claim 1 647, wherein the one or more heat sources comprise at 
least two heat sources, and whereirf superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

1649. The method of claim ^647, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

1650. The method of clai^n 1647, wherein the one or more heat sources comprise 
electrical heaters. 

/ 
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1 65 1 . The method of claim 1 647, wherein the one or mo v re heat purees comprise 
surface burners. 

1652. The method of claim 1647, wherein the one or m^r^heat sources comprise 
flameless distributed combustors. 

1653. The method of claim 1647, wherein the on^/or/more heat sources comprise natural 
distributed combustors. 



1654. The method of claim 1647, further comprising controlling a pressure and a 
temperature within at least a majority of the&elected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 

a function of pressure. / / 

/ / 

1 655. The method of claim 1 647, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 

1656. The method of claim 1647, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume {V) of the coal formation from the one or more heat 
sources, wherein the formation hasf an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/tfay provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the/equation: 

Pwr = h*V*C v *p B 

wherein Pwr is the hekfing energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 

°C/dav. 



1657. The method of olaim 1647, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 
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1658. The method of claim 1647, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thennal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

5 / 

1659. The method of claim 1647, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about/25 0 . 

1660. The method of claim 1647, wherein the o/oduced mixture comprises condensable 
10 hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 

condensable hydrocarbons are olefins. 

1661 . The method of claim 1647, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein/a molar ratio of ethene to ethane in the non- 

1 5 condensable hydrocarbons ranges from about^O.001 to about 0.15. 

/ 

1 662. The method of claim 1 647, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

/ 

1 663. The method of claim 1647, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

25 1664. The method of claim 1647, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



1665. The method of claim 1647, wherein the produced mixture comprises condensable 
30 hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 



fy 
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hydrocarbons comprise oxygen containing compounds, and wherein^rne oxygen 
containing compounds comprise phenols. 

1666. The method of claim 1647, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weifpit of the condensable 
hydrocarbons are aromatic compounds. 



10 



1667. The method of claim 1647, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by Weight of the condensable 
hydrocarbons comprises multi-ring aromatics witty more than two rings. 



U5 
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1668. The method of claim 1647, wherein the/produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.^3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

1 669. The method of claim 1 647, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloatkanes. 



S ™3 
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1670. The method of claim 1647,/wherein the produced mixture comprises a non- 
condensable component, wherein Ahe non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

1 67 1 . The method of claim 1 647, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



1672. The method of claim 1647, wherein the produced mixture comprises ammonia, 
30 and wherein the ammonia is used to produce fertilizer. 
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1673. The method of claim 1647, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. / 

1674. The method of claim 1647, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H 2 within the mixture is greater than 
about 0.5 bar. / 

1675. The method of claim 1674, wherein the partial/pressure of H2 within the mixture 
is measured when the mixture is at a production welK 

1 676. The method of claim 1 647, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons/from the formation having carbon 
numbers greater than about 25. / 

1677. The method of claim 1647, further comprising controlling formation conditions 
by recirculating a portion of hydrogen fronjl the mixture into the formation. 

1678. The method of claim 1647, further comprising: 

providing hydrogen (H 2 ) to the Meated section to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of the section with heat from hydrogenation. 

1679. The method of claim 1 647, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 

1 680. The method of claim 
increasing a permeability of 
millidarcy. J 



wherein allowing the heat to transfer comprises 
majority of the selected section to greater than about 1 00 
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1 68 1 . The method of claim 1 647, wherein allowing the heat to ti^nsfer comprises 
substantially uniformly increasing a permeability of a majority di the selected section. 

5 1 682. The method of claim 1647, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons sy as measured by Fischer Assay. 



10 



1683. The method of claim 1647, wherein producingythe mixture comprises producing 
the mixture in a production well, and wherein at leas/about 7 heat sources are disposed in 
the formation for each production well. 



M-15 

Q 

01 



fU 

=C20 

6 



1 684. The method of claim 1 647, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unityof heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1 685. The method of claim 1 647, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in A unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



1686. A method of treating a coa/ formation in situ, comprising: 

providing heat from one of more heat sources to at least a portion of the 
25 formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; 

wherein the selected section has been selected for heating using vitrinite 
reflectance of at least some hydrocarbons in the selected section, and wherein at least a 
30 portion of the hydrocarbons ih the selected section comprises a vitrinite reflectance of 
greater than about 0.3 %: 
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wherein at least a portion of the hydrocarbons in thyselected section comprises a 
vilrinite reflectance of less than about 4.5 %; and 
producing a mixture from the formation. 

1 687. The method of claim 1 686, wherein the/ne or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

10 1 688. The method of claim 1 686, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature. 

1 689. The method of claim y686, wherein the vitrinite reflectance of at least the portion 
of hydrocarbons within the Selected section is between about 0.47 % and about 1 .5 % 
15 such that a majority of the produced mixture comprises condensable hydrocarbons. 
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1690. The method oOclaim 1686, wherein the vitrinite reflectance of at least the portion 
of hydrocarbons witttin the selected section is between about 1 .4 % and about 4.2 % such 
that a majority of tWe produced mixture comprises non-condensable hydrocarbons. 

1691 . The metiiod of claim 1686, wherein the one or more heat sources comprise 
electrical heaters. 



1 692. The method of claim 1 686, wherein the one or more heat sources comprise 
25 surface burners. 

1693. The method of claim 1686, wherein the one or more heat sources comprise 
flamelass distributed combustors. 



30 1694./ The method of claim 1686, wherein the one or more heat sources comprise natural 
distributed combustors. 
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1 695. The method of claim 1 686, further comprising controlling a pressure and a 
temperature within at least a majority of the selected se^tijon of the formation, wherein 
the pressure is controlled as a function of temperatur^ or the temperature is controlled as 
a function of pressure. 

1 696. The method of claim 1 686, further comprising controlling the heat such that an 
average heating rate of the selected section iy less than about 1 °C per day during 
pyrolysis. 

1 697. The method of claim 1 686, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (t) of the coal formation from the one or more heat 
sources, wherein the formation hafe an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

1698. The method/of claim 1686, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1 699. The method of claim 1686, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of thtf selected section is greater than about 0.5 W/(m °C). 



1 700. The method of claim 1686, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 
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1 70 1 . The method of claim 1 686, wherein the produced mixture 7 comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15% by weight of the 
condensable hydrocarbons are olefins. / 

1 702. The method of claim 1686, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar/ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about /f.001 to about 0.15. 

1 703 . The method of claim 1 686 ? wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1 704. The method of claim 1686. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

1705. The method of chiim 1686, wherein the produced mixture comprises condensable 
hydrocarbons, and whe/ein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

1 706. The method of claim 1686, wherein the produced mixture comprises condensable 
. hydrocarbons, wtterein about 5 % by weight to about 30 % by weight of the condensable 

hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

1707. The method of claim 1686, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 
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1 708. The method of claim 1 686, wherein the produced mixture comprises 'condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than tworings. 

1709. The method of claim 1686, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 

1710. The method of claim 1686, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight/to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. / 

1711. The method of claim 1686, whereir/ the produced mixture comprises a non- 
condensable component, wherein the nonf^condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogeri is less than about 80 % by volume of the non- 
condensable component. / 

1712. The method of claim 16ro, wherein the produced mixture comprises ammonia, 
and wherein greater than abouyO.05 % by weight of the produced mixture is ammonia. 

1713. The method of claim 1686, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1714. The method of claim 1686, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

1715. The method/of claim 1 686, further comprising controlling formation conditions to 
produce the mixtunb, wherein a partial pressure of H 2 within the mixture is greater than 
about 0.5 bar. / 
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1716. The method of claim 1715, wherein the partial pressure o^rh within the mixture 
is measured when the mixture is at a production well. 

5 1717. The method of claim 1 686, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from th^formation having carbon 
numbers greater than about 25. 

1718. The method of claim 1 686, further comprising controlling formation conditions 
10 by recirculating a portion of hydrogen from the mixture into the formation. 
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1719. The method of claim 1 686, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section wfth heat from hydrogenation. 



1 720. The method of claim 1 686, mother comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of pe produced condensable hydrocarbons with at least a 
p 20 portion of the produced hydrogen/ 



25 



1 72 1 . The method of claim 1 686, wherein allowing the heat to transfer comprises 
increasing a permeability of a^najority of the selected section to greater than about 100 
millidarcy. 

1 722. The method of claim 1 686, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



1 723. The method of claim 1 686, further comprising controlling the heat to yield greater 
30 than about 60 % by weidht of condensable hydrocarbons, as measured by Fischer Assay. 
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1 724. The method of claim 1 686, wherein producing the4nixture comprises producing 
the mixture in a production well, and wherein at least ajx>ut 7 heat sources are disposed in 
the formation for each production well. 

1 725. The method of claim 1686, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit o/heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



10 1 726. The method of claim 1 686, furtherycomprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in amnit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern/and wherein a plurality of the units are repeated 
over an area of the formation to form/a repetitive pattern of units. 
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1 727. A method of treating a coayformation in situ, comprising: 

providing heat from one of more heat sources to at least a portion of the 
formation; 

allowing the heat to traqfefer from the one or more heat sources to a selected 
20 section of the formation; 

wherein the selected sfection has been selected for heating using a total organic 
matter weight percentage of/at least a portion of the selected section, and wherein at least 
the portion of the selected ^ection comprises a total organic matter weight percentage, of 
at least about 5.0 %; and 
25 producing a mixtiie from the formation. 



1 728. The method of claim 1 727, wherein the one or more heat sources comprise at 
least two heat sources, ind wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 



30 formation. 
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1 729. The method of claim 1 727, further comprising maintaining 
the selected section within a pyrolysis temperature range. / 

1 730. The method of claim 1 727, wherein the one or more tfeat sources comprise 
electrical heaters. / 

1 73 1 . The method of claim 1 727, wherein the one or more heat sources comprise 
surface burners. / 

1 732. The method of claim 1 727, wherein the on£ or more heat sources comprise 
flameless distributed combustors. / 

1 733. The method of claim 1727, wherein tMe one or more heat sources comprise natural 
distributed combustors. / 

1 734. The method of claim 1 727, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. / 

1 735. The method of claim 1 727/ further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. / 

1 736. The method of claim fl 727, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some/hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 



temperature within 
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Pwr = h+V*C*p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein t^e heating rate is less than about 1 0 

°C/day. 

5 

1 737. The method of claim 1 727, wherein all/wing the heat to transfer comprises 
transferring heat substantially by conductions 

1 738. The method of claim 1 727, whereiii providing heat from the one or more heat 

10 sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 
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1 739. The method of claim 1 727, wierein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1740. The method of claim 1727, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



20 1 741 . The method of clglm 1727, wherein the produced mixture comprises non- 
condensable hydrocarbofis, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



1742. The methodyof claim 1727, wherein the produced mixture comprises condensable 
25 hydrocarbons, andAvherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 
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1743. The method of claim 1727, wherein the produced mixture comprises condensable 
hydrocarbons/and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the pndensable hydrocarbons is oxygen. 
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1 744. The method of claim 1 727, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

5 1 745. The method of claim 1 727, wherein the producedonixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about /o % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

1 0 1 746. The method of claim 1 727, wherein tKe produced mixture comprises condensable 
hydrocarbons, and wherein greater than atySut 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

1 747. The method of claim 1 727, wherein the produced mixture comprises condensable 
1 5 hydrocarbons, and wherein less thaa about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 
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1748. The method of claim 1727, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 
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1 749. The method of claim 1 727, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

1 750. The method of claim 1 727, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 
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1751. The method of claim 1 727, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mbmxre is ammonia. 

1 752. The method of claim 1 727, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. / 

1 753. The method of claim 1 727, further comprising corpolling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. / 

1 754. The method of claim 1 727, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of [Hi within the mixture is greater than 
about 0.5 bar. / 

1 755. The method of claim 1 754, wherein thfe partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 

1 756. The method of claim 1 727, further* comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. / 

1 757. The method of claim 1 727, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

1 758. The method of claim 1 727, further comprising: 

providing hydrogen (Hi) to the heated section to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of tpe section with heat from hydrogenation. 

1759. The method of clai) 
producing hydrogei 



1 727, further comprising: 

and condensable hydrocarbons from the formation; and 
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hydrogenating a portion of the produced condensable hydrocarbons wjdi at least a 
portion of the produced hydrogen. / 



1 760. The method of claim 1 727, wherein allowing the heat to 
increasing a permeability of a majority of the selected section to 
millidarcy. / 

1 761 . The method of claim 1 727, wherein allowing the heal to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1762. The method of claim 1 727, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

1763. The method of claim 1727, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. / 

1 764. The method of claim 1 727, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation An a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1765. The method of claim 1727, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1766. A method of treating a coal formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; / 



comprises 
rfeater than about 1 00 
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allowing the heat to transfer from the one or more heat sources tor a selected 
section of the formation; / 

wherein at least some hydrocarbons within the selected seouon have an initial 
total organic matter weight percentage of at least about 5.0%; and 

producing a mixture from the formation. / 

1 767. The method of claim 1 766, wherein the one or inore heat sources comprise at 
least two heat sources, and wherein superposition oftfieat from at least the two heat 
sources pyrolyzes at least some hydrocarbons witMn the selected section of the 
formation. / 

1 768. The method of claim 1 766, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

1 769. The method of claim 1 766, wherein the one or more heat sources comprise 
electrical heaters. / 

1770. The method of claim 17o6, wherein the one or more heat sources comprise 
surface burners. / 

1771. The method of claim 1 766, wherein the one or more heat sources comprise 
flameless distributed combustors. 

1 772. The method or claim 1 766, wherein the one or more heat sources comprise natural 
distributed combustors. 

1 773. The method of claim 1 766, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pnessure. 
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/ 

1 774. The method of claim 1 766, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C n/r day during 
pyrolysis. / 

5 1 775. The method of claim 1 766, wherein providing heat/from the one or more heat 
sources to at least the portion of formation comprises: / 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat/capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the ^elected volume of the formation; and 
10 wherein heating energy/day provided to the volume is equal to or less than Pwr. 

wherein Pwr is calculated by the equation: / 
Pwr = h*V*C v *p B / 
!S wherein Pwr is the heating energy/day, h is an average heating rate of the 

^ formation, ps is formation bulk density, and wherein the heating rate is less than about 1 0 

4 is °C/day. / 

O / 
p / 

1 776. The method of claim 1 7f>6, wherein allowing the heat to transfer comprises 

□ transferring heat substantially/oy conduction. 

/ 

ru / 

x; 20 1 777. The method of claim 1 766, wherein providing heat from the one or more heat 
^ sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

1 778. The method/of claim 1 766, wherein the produced mixture comprises condensable 
25 hydrocarbons havmg an API gravity of at least about 25°. 

1 779. The memod of claim 1 766, wherein the produced mixture comprises condensable 
hydrocarbons, /and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable Hydrocarbons are olefins. 

30 / 
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1 780. The method of claim 1 766, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about OAS,/ 

1 781. The method of claim 1 766, wherein the produced mixhire comprises condensable 
hydrocarbons, and wherein less than about 1 % by weightywhen calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. / 

1 782. The method of claim 1 766, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

1 783. The method of claim 1766, wherein/the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons/is sulfur. 

1 784. The method of claim 1 766, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 °/<yoy weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen Containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

1 785. The method of claim 1 766, wherein the produced mixture comprises condensable 
. hydrocarbons, and wherein greater than about 20 % by weight of the condensable 

hydrocarbons are aromatic compounds. 

1 786. The method o/ claim 1 766, wherein the produced mixture comprises condensable 
hydrocarbons, and therein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 
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1 787. The method of claim 1 766, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the cmraensable 
hydrocarbons are asphaltenes. / 

5 1788. The method of claim 1 766, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 3l0 % by weight of the 
condensable hydrocarbons are cycloalkanes. / 

1 789. The method of claim 1 766, wherein the produced mixture comprises a non- 
10 condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 1 0 °// by volume of the non-condensable 
component, and wherein the hydrogen is less man about 80 % by volume of the non- 
.j3 condensable component. / 

M= 1 5 1 790. The method of claim 1 766, wherein the produced mixture comprises ammonia. 
JjJ and wherein greater than about 0.05 °/J by weight of the produced mixture is ammonia. 

«=r - / 

p 1 791 . The method of claim 1 766/wherein the produced mixture comprises ammonia, 
jrj and wherein the ammonia is usedio produce fertilizer. 

M 20 / 

[2 1 792. The method of claim 1766, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

25 1793. The method of daim 1766, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. / 

1794. The method of claim 1 793, wherein the partial pressure of H 2 within the mixture 
30 is measured wheiythe mixture is at a production well. 
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1 795. The method of claim 1 766, further comprising altering a pressure'within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. / 

1 796. The method of claim 1 766, further comprising conttolling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

1 797. The method of claim 1 766, further comprising: 

providing hydrogen (H 2 ) to the heated secuon to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of the section with max from hydrogenation. 

1 798. The method of claim 1 766, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of die produced condensable hydrocarbons with at least a 
portion of the produced hydrogen/ 

1799. The method of claim 1//66, wherein allowing the heat to transfer comprises 
increasing a permeability of/a majority of the selected section to greater than about 100 
millidarcy. / 

1 800. The method ofplaim 1 766, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1801. The method of claim 1 766, further comprising controlling the heat to yield greater 
than about 60 %by weight of condensable hydrocarbons, as measured by Fischer Assay. 

1 802. The method of claim 1 766, wherein producing the mixture comprises producing 
the mixture irf a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



V 
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1 803. The method of claim 1 766, further comprising providing heat/rom three or more 
heat sources to at least a portion of the formation, wherein three or/more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. / 

1 804. The method of claim 1 766, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of hear sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1 805. A method of treating a coal formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; / 

allowing the heat to transfer fram the one or more heat sources to a selected 
section of the formation; / 

wherein the selected sectioii has been selected for heating using an atomic oxygen 
weight percentage of at least a portion of hydrocarbons in the selected section, and 
wherein at least a portion of th^hydrocarbons in the selected section comprises an atomic 
oxygen weight percentage of lfess than about 15% when measured on a dry, ash free 
basis; and / 

producing a mixtW from the formation. 

1 806. The method of claim 1 805, wherein the one or more heat sources comprise at 
least two heat sources/and wherein superposition of heat from at least the two heat 
sources pyrolyzes at /east some hydrocarbons within the selected section of the 
formation. / 

1 807. The method of claim 1 805, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 
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1 808. The method of claim 1 805. wherein the one or more heat sources comprise 
electrical heaters. / 

1 809. The method of claim 1 805, wherein the one or more heat sources comprise 
surface burners. / 

1810. The method of claim 1 805, wherein throne or more heat sources comprise 
flameless distributed combustors. / 

1811. The method of claim 1 805, wherein the one or more heat sources comprise natural 
distributed combustors. / 

1812. The method of claim 1805, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. / 

1813. The method of claim 1805, further comprising controlling the heat such that an 
average heating rate of the/selected section is less than about 1 °C per day during 
pyrolysis. / 

1814. The method oyclaim 1 805, wherein providing heat from the one or more heat 
sources to at least thy portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ) ? and wherein the heating 
pyrolyzes at least fcome hydrocarbons within the selected volume of the formation; and 

wherein Heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is Calculated by the equation: 

p wr = J*v*C v *p B 
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wherein Pwr is the heating energy/day, h is an average/heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 1 0 
°C/day. / 

1815. The method of claim 1 805, wherein allowingyflie heat to transfer comprises 
transferring heat substantially by conduction. / 

1816. The method of claim 1 805, wherein providing heat from the one or more heat 
sources comprises heating the selected sectiorf such that a thermal conductivity of at least 
a portion of the selected section is greater man about 0.5 W/(m °C). 

1817. The method of claim 1 805, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1818. The method of claim 1 805/ wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

1819. The method of claim 1 805, wherein the produced mixture comprises non- 
condensable hydrocarbons; and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbop ranges from about 0.001 to about 0.15. 

1 820. The method ov claim 1805, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1 821 . The method of claim 1 805, wherein the produced mixture comprises condensable 
hydrocarbons, aAd wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 
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1 822. The method of claim 1 805, wherein the produced mixfetfe comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight. When calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. / 

1823. The method of claim 1805. wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to abafut 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. / 

1 824. The method of claim 1 805, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater thaniibout 20 % by weight of the condensable 
hydrocarbons are aromatic compounds^ 

1 825. The method of claim 1805/wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi^ring aromatics with more than two rings. 

1 826. The method of claim 1805, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphallfenes. 

1 827. The method of claim 1 805, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

1 828. The method of claim 1 805, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, And wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 
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1 829. The method of claim 1 805, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1 830. The method of claim 1 805, wherein the produced mixture comprises ammonia, 
5 and wherein the ammonia is used to produce fertilizer. 

1831. The method of claim 1 805, further comprising contoblling a pressure within at 
least a majority of the selected section of the formation, wMerein the controlled pressure 
is at least about 2.0 bar absolute. 



10 



U 



1 832. The method of claim 1 805, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H 2 yithin the mixture is greater than 
about 0.5 bar. 



« '15 1 833. The method of claim 1832, wherein the partial pressure of H2 within the mixture 
y 1 is measured when the mixture is at a production well. 



1 834. The method of claim 1 805, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 



% 20 numbers greater than about 25. 

M 

1835. The method of claim 1 805, further comprising controlling formation conditions 
by recirculating a portion of hydrogen irony the mixture into the formation. 

25 1 836. The method of claim 1 805, further comprising: 

providing hydrogen (H 2 ) to the Ideated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the sectionfwith heat from hydrogenation. 

30 1 837. The method of claim 1805, rarther comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
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hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. / 

1 838. The method of claim 1 805, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. / 

1 839. The method of claim 1 805, wherein allowing me heat to transfer further 
comprises substantially uniformly increasing a permeability of a majority of the selected 
section. / 

1 840. The method of claim 1 805, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

1 84 1 . The method of claim 1 805, wherein producing the mixture comprises producing 
the mixture in a production well, and whertin at least about 7 heat sources are disposed in 
the formation for each production well. / 

1 842. The method of claim 1805, furper comprising providing heat from three or more 
heat sources to at least a portion of thfe formation, wherein three or more of the heat 
sources are located in the formation An a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1 843. The method of claim 1806, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangulatf pattern, and wherein a plurality of the units are repeated 
over an area of the formation/to form a repetitive pattern of units. 

1 844. A method of treating a coal formation in situ, comprising: 
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providing heat from one or more heat sources to a selected section of the 
formation; 

allowing the heat to transfer from the one or more heat sources! to the selected 
section of the formation to pyrolyze hydrocarbon within the sele/fted section; 

wherein at least some hydrocarbons within the selectecrsection have an initial 
atomic oxygen weight percentage of less than about 15%; ajw 

producing a mixture from the formation. 

1 845. The method of claim 1 844, wherein the one or/fnore heat sources comprise at 
least two heat sources, and wherein superposition of/neat from at least the two heat 
sources pyrolyzes at least some hydrocarbons wlhp the selected section of the 
formation. 

1 846. The method of claim 1 844, further cornprising maintaining a temperature within 
the selected section within a pyrolysis temperature range 

1 847. The method of claim 1 844, whereiri the one or more heat sources comprise 
electrical heaters. 

1 848. The method of claim 1 844, whd rein the one or more heat sources comprise 
surface burners. 

1 849. The method of claim 1 844, ^herein the one or more heat sources comprise 
flameless distributed combustors. 

1 850. The method of claim 1 84^, wherein the one or more heat sources comprise natural 
distributed combustors. 



1851. The method of claim 1 844, further comprising controlling a pressure and a 



temperature within at least a 



ajority of the selected section of the formation, wherein 
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the pressure is controlled as a function of temperature, or the temperature is compiled as 
a function of pressure. / 

1 852. The method of claim 1 844, further comprising controlling the >feat such that an 
average heating rate of the selected section is less than about 1 °C per day during 

pyrolysis. / 

1853. The method of claim 1 844, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: / 

heating a selected volume (1^ of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to tne volume is equal to or less than Pmt. 
wherein Pwr is calculated by the equation: / 

Pwr = h*V*C v *p B / 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, ajid wherein the heating rate is less than about 1 0 
°C/day. 

1 854. The method of claim 1844, 
transferring heat substantially by c< 

1855. The method of claim 1 844, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected secticjh is greater than about 0.5 W/(m °C). 

1 856. The method of clai] 
hydrocarbons having an AJ 



lerein allowing the heat to transfer comprises 
iduction. 



1844, wherein the produced mixture comprises condensable 
f\ gravity of at least about 25 c 
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1 857. The method of claim 1 844, wherein the produced mixture jcomprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 1 5 % by weight of the 
condensable hydrocarbons are olefins. / 

1 858. The method of claim 1 844, wherein the produceci mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio^of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001/to about 0.15. 

1 859. The method of claim 1 844, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is ntfxogen. 

1860. The method of claim 1844, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

1861. The method of claim 1 844/ wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

1 862. The method of claim A 844, wherein the produced mixture comprises condensable 
hydrocarbons, wherein aboiit 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

1 863. The method of tlaim 1 844, wherein the produced mixture comprises condensable 
hydrocarbons, and whferein greater than about 20 % by weight of the condensable 
hydrocarbons are ardmatic compounds. 
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1 864. The method of claim 1 844, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



5 1 865. The method of claim 1 844, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by yveight of the condensable 
hydrocarbons are asphaltenes. 

1 866. The method of claim 1 844, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes 



jU 15 



1867. The method of claim 1844, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than/about 10 % by volume of the non-condensable 
component and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 



1 868. The method of claim 1844, wherein the produced mixture comprises ammonia, 
20 and wherein greater than abott 0.05 % by weight of the produced mixture is ammonia. 

1 869. The method of claim 1844, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 



25 



1 870. The method of jflaim 1 844, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bir absolute. 



1871. The method 
30 produce the mixture 
about 0.5 bar. 



:>f claim 1844, further comprising controlling formation conditions to 
wherein a partial pressure of H2 within the mixture is greater than 



\ 
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1 872. The method of claim 1871, wherein the partial pressu/e of H: within the mixture 
is measured when the mixture is at a production well. 

1 873. The method of claim 1 844, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from ythe formation having carbon 
numbers greater than about 25. 

1 874. The method of claim 1 844, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

1 875. The method of claim 1844, further comprising: 
providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section vrfth heat from hydrogenation. 

1 876. The method of claim 1844, turjttier comprising: 
producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of tjAe produced condensable hydrocarbons with at least a 

portion of the produced hydrogen.) 

1 877. The method of claim 1844, wherein allowing the heat to transfer comprises 
increasing a permeability of a yhajority of the selected section to greater than about 100 
millidarcy. 

1 878. The method of claim 1 844, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



1879. The method of 
than about 60 % by we; 



aim 1844, further comprising controlling the heat to yield greater 
ght of condensable hydrocarbons, as measured by Fischer Assay. 
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1 880. The method of claim 1 844, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least abput 7 heat sources are disposed in 
the formation for each production well. / 

1881. The method of claim 1 844, further comprising providing heat from three or more 
heat sources to at least a portion of the formation/ wherein three or more of the heat 
sources are located in the formation in a unit ofrneat sources, and wherein the unit of heat 
sources comprises a triangular pattern. / 

1 882. The method of claim 1 844, further/comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in ^unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern; and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1 883. A method of treating a coal formation in situ, comprising: 
providing heat from one/or more heat sources to at least a portion of the 

formation; / 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; / 

wherein the selected section has been selected for heating using an atomic 
hydrogen to carbon ratio /of at least a portion of hydrocarbons in the selected section, 
wherein at least a portion of the hydrocarbons in the selected section comprises an atomic 
hydrogen to carbon ratfto greater than about 0.70, and wherein the atomic hydrogen to 
carbon ratio is less than about 1.65; and 

producing a Mixture from the formation. 

1 884. The method of claim 1 883, wherein the one or more heat sources comprise at 
least two heat soiices, and wherein superposition of heat from at least the two heat 
sources pyrolyzafe at least some hydrocarbons within the selected section of the 
formation. / 
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1 885. The method of claim 1 883, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

5 1 886. The method of claim 1 883, wherein the one or mo/e heat sources comprise 
electrical heaters. 
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1 887. The method of claim 1 883, wherein the one qr more heat sources comprise 
surface burners. 

1 888. The method of claim 1 883, wherein the qfie or more heat sources comprise 
flameless distributed combustors. 

1 889. The method of claim 1883, wherein tl/e one or more heat sources comprise natural 
distributed combustors. 

1 890. The method of claim 1 883, further/comprising controlling a pressure and a 
temperature within at least a majority of pe selected section of the formation, wherein 
the pressure is controlled as a function qr temperature, or the temperature is controlled as 
a function of pressure. 



25 



30 



1 891 . The method of claim 1 883, fufoher comprising controlling the heat such that an 
average heating rate of the selected flection is less than about 1 °C per day during 
pyrolysis. 

1 892. The method of claim 1 883[, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation ihas an average heat capacity (C v ). and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
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wherein heating energy/day provided to the volume is/equal to or less than Pwr. 
wherein Pwr is calculated by the equation: / 

p wr = h*V*C v *p B / 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation. p B is formation bulk density, and wherein/the heating rate is less than about 1 0 
°C/day. / 

1 893. The method of claim 1 883, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction^ 

1894. The method of claim 1883, wherein providing heat from the one or more heat 
sources comprises heating the selected iection such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

1 895. The method of claim 1 8837wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1896. The method of claim 1883, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0. 1 % by weight to about 1 5 % by weight of the 
condensable hydrocarbons ate olefins. 

1 897. The method of claim 1 883, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

1 898. The method of claim 1 883, wherein the produced mixture comprises condensable 
hydrocarbons, and Wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 
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1 899. The method of claim 1 883. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. / 

1 900. The method of claim 1 883, wherein the produced inixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weignt. when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. / 

1 901 . The method of claim 1 883, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight tp about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols/ 

1902. The method of claim 1 883, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

1903. The method of claim L883, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises irftilti-ring aromatics with more than two rings. 

1 904. The method of /laim 1 883, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

1 905 . The method of claim 1883, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the 
condensable Hydrocarbons are cycloalkanes. 

1 906. Thef method of claim 1883, wherein the produced mixture comprises a non- 
condensattle component, wherein the non-condensable component comprises hydrogen, 
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wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by \oljmte of the non- 
condensable component. 

5 1907. The method of claim 1 883, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



1 908. The method of claim 1 883, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertiliser. 

1 909. The method of claim 1 883, further comprising controlling a pressure within at 
least a majority of the selected section of theyxormation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

1910. The method of claim 1 883, furrier comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. 



10 



fyj 1911. The method of claim 1 9 /0, wherein the partial pressure of H2 within the mixture 
J; 20 is measured when the mixture as at a production well. 

1912. The method of claim 1883, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



25 



1913. The method oyclaim 1 883. further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 



1914. The methotfof claim 1883, further comprising: 
30 providing mydrogen (H2) to the heated section to hydrogenate hydrocarbons 

within the section/; and 
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heating a portion of the section with heat from hydrogenanon. 

1915. The method of claim 1883, further comprising: / 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. / 

1916. The method of claim 1 883, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 1 00 
millidarcy. / 

1917. The method of claim 1 883, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1918. The method of claim 1 883, Airther comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

1919. The method of claim 1 883, wherein producing the mixture comprises producing 
the mixture in a production Well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

1 920. The method of claim 1 883, further comprising providing heat from three or more 
heat sources to at least 4 portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1 92 1 . The method/ of claim 1883, further comprising providing heat from three or more 
heat sources to at feast a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 
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1 922. A method of treating a coal formation in situ, comprising: / / 
providing heat from one or more heat sources to a selected section of the 

formation; / 

allowing the heat to transfer from the one or morelieat sources to the selected 
section of the formation to pyrolyze hydrocarbons within the selected section; 

wherein at least some hydrocarbons within th/ selected section have an initial 
atomic hydrogen to carbon ratio greater than about/u. 70; 

wherein the initial atomic hydrogen to camon ration is less than about 1 .65; and 

producing a mixture from the formation!. 

1923. The method of claim 1922, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. / 

1 924. The method of claim 1 922( further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

1925. The method of claim /922, wherein the one or more heat sources comprise 
electrical heaters. / 

1926. The method of claim 1922, wherein the one or more heat sources comprise 
surface burners. / 

1 927. The method oyclaim 1 922, wherein the one or more heat sources comprise 
flameless distributed combustors. 

1 928. The method/of claim 1 922, wherein the one or more heat sources comprise natural 
distributed combudtors. 
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1929. The method of claim 1922, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperatureyor the temperature is controlled as 
a function of pressure. / 

1930. The method of claim 1922, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. / 

1931. The method of claim 1 922, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V)df the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/dafy provided to the volume is equal to or less than Pwr. 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C*p B / 

wherein Pwr is the hekting energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 1 0 

°C/day. / 

1 932. The method of claim 1 922, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1933. The methodybf claim 1922, wherein providing heat from the one or more heat 
sources comprises cheating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

1934. The method of claim 1 922, wherein the produced mixture comprises condensable 
hydrocarbons Having an API gravity of at least about 25°. 
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1935. The method of claim 1 922, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 1 5 %/by weight of the 
condensable hydrocarbons are olefins. / 

1936. The method of claim 1922, wherein the produced inixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

1937. The method of claim 1 922, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1 938. The method of claim 1 922, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than apout 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

1 939. The method of claim 1 922, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less/than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

1940. The method of claim 1922, wherein the produced mixture comprises condensable 
hydrocarbons, wherein abput 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

1 94 1 . The method oflf claim 1 922, wherein the produced mixture comprises condensable 
hydrocarbons, and ^herein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 
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1942. The method of claim 1922, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weighLof the condensable 
hydrocarbons comprises multi-ring aromatics with mor/ than two rings. 

5 1 943 . The method of claim 1 922, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 °//by weight of the condensable 
hydrocarbons are asphaltenes. 

1 944. The method of claim 1 922, whereii/ the produced mixture comprises condensable 
10 hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 

condensable hydrocarbons are cycloalkanes. 

1945. The method of claim 1922, wherein the produced mixture comprises a non- 
condensable component, wherein jtht non-condensable component comprises hydrogen. 

15 wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 



Jg 20 



1946. The method of claftn 1922, wherein the produced mixture comprises ammonia, 
and wherein greater thary about 0.05 % by weight of the produced mixture is ammonia. 

1947. The method of claim 1922, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 



25 1 948. The method of claim 1 922, further comprising controlling a pressure within at 
least a majority df the selected section of the formation, wherein the controlled pressure 
is at least about^.O bar absolute. 



1949. The method of claim 1922, further comprising controlling formation conditions to 
30 produce the fixture, wherein a partial pressure of H 2 within the mixture is greater than 
about 0.5 ba 
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1950. The method of claim 1949, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 

5 195 1 . The method of claim 1 922, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons frpm the formation having carbon 
numbers greater than about 25. 

1952. The method of claim 1922, further comprising controlling formation conditions 
10 by recirculating a portion of hydrogen from/the mixture into the formation. 
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1953. The method of claim 1922, further comprising: 

providing hydrogen (H2) to theyneated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from hydrogenation. 



D 
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1 954. The method of claim 1 92^, further comprising: 

producing hydrogen ana condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 



25 



1 955. The method of claim 1 922, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 1 00 
millidarcy. 

1956. The method of claim 1922, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



1 957. The method of claim 1 922, further comprising controlling the heat to yield greater 
30 than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 
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1958. The method of claim 1922, wherein producing the mixjjGre comprises producing 
the mixture in a production well, and wherein at least about /heat sources are disposed in 
the formation for each production well. / 

1959. The method of claim 1922, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heaf sources, and wherein the unit of heat 
sources comprises a triangular pattern. / 

1 960. The method of claim 1922, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, ana wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1 96 1 . A method of treating a coal formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; / 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; / 

wherein the selected section has been selected for heating using an atomic oxygen 
to carbon ratio of at least a portion of hydrocarbons in the selected section, wherein at 
least a portion of the hydrocarbons in the selected section comprises an atomic oxygen to 
carbon ratio greater than abaut 0.025, and wherein the atomic oxygen to carbon ratio of at 
least a portion of the hydrocarbons in the selected section is less than about 0. 1 5 and 

producing a mixture from the formation. 

1 962. The method of daim 1 961 , wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at lefast some hydrocarbons within the selected section of the 
formation. / 
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1 963. The method of claim 1 961 , further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range/ 

1 964. The method of claim 1 961 , wherein the one or more heat sources comprise 
electrical heaters. / 

1965. The method of claim 1961, wherein the/one or more heat sources comprise 
surface burners. / 

1 966. The method of claim 1 96 1 , wherein the one or more heat sources comprise 
flameless distributed combustors. / 

1 967. The method of claim 1 961 , wherein the one or more heat sources comprise natural 
distributed combustors. / 

1 968. The method of claim 1 96 1 / further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. / 

1 969. The method of claim/l 96 1 , further comprising controlling the heat such that an 
average heating rate of the /elected section is less than about 1 °C per day during 
pyrolysis. / 

1 970. The method of cjaim 1 96 1 , wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least sonie hydrocarbons within the selected volume of the formation; and 
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wherein heating energy/day provided to the volume is equal to or less than Pwr. 

wherein Pwr is calculated by the equation: / 
Pwr = h*V*C v *p B / 
wherein Pwr is the heating energy/day, h is an aWrage heating rate of the 

formation, p B is formation bulk density, and wherein the heating rate is less than about 1 0 

°C/day. / 

1971. The method of claim 1 96 1 , wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. / 

1 972. The method of claim 1 96 1 , wherein providing heat from the one or more heat 
sources comprises heating the selected sectton such that a thermal conductivity 7 of at least 
a portion of the selected section is greate/than about 0.5 W/(m °C). 

1973. The method of claim 1961, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity yof at least about 25°. 

1974. The method of claim 1961 / wherein the produced mixture comprises condensable 
hydrocarbons, and wherein abou/ 0. 1 % by weight to about 1 5 % by weight of the 
condensable hydrocarbons are dlefins. 

1975. The method of claim /961 , wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

1 976. The method of claim 1 961 ? wherein the produced mixture comprises condensable 
hydrocarbons ; and whenein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 
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1 977. The method of claim 1 96 L wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when/alculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

5 1 978. The method of claim 1961 , wherein the produced rmxture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weigfy!, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

1 979. The method of claim 1961 , wherein the produced mixture comprises condensable 
10 hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

ij 

I 1 980. The method of claim 1 961 , wherein the produced mixture comprises condensable 
* 1 5 hydrocarbons, and wherein greater than abput 20 % by weight of the condensable 
I hydrocarbons are aromatic compounds. 
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1981 . The method of claim 1961 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 
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1 982. The method of claim 1 961/ wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less yian about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

1983. The method of claim y96 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons ate cycloalkanes. 



30 1 984. The method of claim 1 96 1 , wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 



V 
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wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component and wherein the hydrogen is less than about 8CK% by volume of the non- 
condensable component. / 

5 1985. The method of claim 1961, wherein the prodi/ced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1 986. The method of claim 1 96 1 , wherein the/produced mixture comprises ammonia, 
and wherein the ammonia is used to produce /fertilizer. 

10 / 

1 987. The method of claim 1 96 1 , furthe/ comprising controlling a pressure within at 
^ least a majority of the selected section of the formation, wherein the controlled pressure 
yg is at least about 2.0 bar absolute. / 

H 5 15 1988. The method of claim 1961, Azrther comprising controlling formation conditions to 

IP produce the mixture, wherein a partial pressure of H2 within the mixture is greater than 

^ about 0.5 bar. / 

O / 

5^ 1989. The method of claim Y988, wherein the partial pressure of H2 within the mixture 

43 20 is measured when the mixture is at a production well. 

Q / 

1990. The method of claim 1961, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than atfout 25. 

25 / 

1991 . The method of claim 196L further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

1992. The method of claim 1961, further comprising : 

30 providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 

within the section; and 
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heating a portion of the section with heat from hydrogen^tion. 

1 993 . The method of claim 1 96 1 , further comprising: 
producing hydrogen and condensable hydrocarbons^from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 

1994. The method of claim 1961, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

1 995 . The method of claim 1 961 , wherein avowing the heat to transfer further 
comprises substantially uniformly increasing a permeability of a majority of the selected 
section. 

1 996. The method of claim 1 96 1 , further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

1 997. The method of claim 1 96 1 , /wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

1998. The method of claim 1/961 , further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1 999. The method of claim 1961 , further comprising providing heat from three or more 
heat sources to at least A portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
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sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern o#units. 

2000. A method of treating a coal formation in situ, cc/mprising 
providing heat from one or more heat sourcesyto a selected section of the 

formation; 

allowing the heat to transfer from the one 6r more heat sources to the selected 
section of the formation to pyrolyze hydrocarbons within the selected section; 

wherein at least some hydrocarbons wijftiin the selected section have an initial 
atomic oxygen to carbon ratio greater than abfout 0.025; 

wherein the initial atomic oxygen to carbon ratio is less than about 0.1 5; and 
producing a mixture from the formation. 

2001 . The method of claim 2000, wherein the one or more heat sources comprise at 
15 least two heat sources, and wherein superposition of heat from at least the two heat 

sources pyrolyzes at least some hyd/ocarbons within the selected section of the 
formation. 



o 
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2002. The method of claim 2000, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

2003. The method of clainy2000, wherein the one or more heat sources comprise 
electrical heaters. 



25 2004. The method of cljiim 2000, wherein the one or more heat sources comprise 
surface burners. 

2005. The method of claim 2000, wherein the one or more heat sources comprise 
flameless distributed/combustors. 

30 
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2006. The method of claim 2000, wherein the one or more heat sources comprise natural 
distributed combustors. 

2007. The method of claim 2000, further comprising controlling a pressure and a 
5 temperature within at least a majority of the selected sectioivof the formation, wherein 

the pressure is controlled as a function of temperature, or tpe temperature is controlled as 
a function of pressure. 

2008. The method of claim 2000, further comprising Controlling the heat such that an 
10 average heating rate of the selected section is less thaji about 1 °C per day during 

pyrolysis. 
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2009. The method of claim 2000, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coaY formation from the one or more heat 
sources, wherein the formation has an average neat capacity (C v ). and wherein the heating 
pyrolyzes at least some hydrocarbons within me selected volume of the formation; and 

wherein heating energy/day provided/to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, afid wherein the heating rate is less than about 1 0 

°C/day. 



25 20 1 0. The method of claim 2000, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 
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2011. The method of claim 2000 
sources comprises heating the selected 
a portion of the selected section is 



wjierein providing heat from the one or more heat 

section such that a thermal conductivity of at least 
greater than about 0.5 W/(m °C). 
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201 2. The method of claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. / 

2013. The method of claim 2000, wherein the producea mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to>about 15 % by weight of the 
condensable hydrocarbons are olefins. / 

2014. The method of claim 2000, wherein the/produced mixture comprises non- 
condensable hydrocarbons, and wherein a nWlar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

201 5. The method of claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

201 6. The method of claim 2000/ wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

201 7. The method of claim £000, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein Ifess than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

201 8. The method of claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise foxygen containing compounds, and wherein the oxygen 
containing compounds /comprise phenols. 

2019. The method of claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 
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2020. The method of claim 2000, wherein the produced nrfxture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

202 1 . The method of claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 

2022. The method of claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloaUianes. 

2023. The method of claim 2000,ywherein the produced mixture comprises a non- 
condensable component, whereinyihe non-condensable component comprises hydrogen, 
wherein the hydrogen is greaterythan about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. / 

2024. The method of claim 2000, wherein the produced mixture comprises ammonia, 
and wherein greater than/about 0.05 % by weight of the produced mixture is ammonia. 

2025. The method oy claim 2000, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

2026. The method of claim 2000, further comprising controlling a pressure within at 
least a majority oy the selected section of the formation, wherein the controlled pressure 
is at least about 4O bar absolute. 
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2027. The method of claim 2000, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within tne mixture is greater than 
about 0.5 bar. / 

2028. The method of claim 2027, wherein the partial/pressure of H2 within the mixture 
is measured when the mixture is at a production weFl. 

2029. The method of claim 2000, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. / 

2030. The method of claim 2000, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

203 1 . The method of claim 2000, rarther comprising: 

providing hydrogen (H2) to ythe heated section to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of the section with heat from hydrogenation. 

2032. The method of claim 2000, further comprising: 

producing hydrogen ahd condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydfrogen. 

2033. The method of claim 2000, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 1 00 
millidarcy. / 

2034. The method of/claim 2000, wherein allowing the heat to transfer further 
comprises substantially uniformly increasing a permeability of a majority of the selected 
section. / 
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2035. The method of claim 2000, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons; as measured by Fischer Assay. 

2036. The method of claim 2000, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at Least about 7 heat sources are disposed in 
the formation for each production well. / 

2037. The method of claim 2000, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a/unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern/ 

2038. The method of claim 2000, /further comprising providing heat from three or more 
heat sources to at least a portion or the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangularypattern, and wherein a plurality of the units are repeated 
over an area of the formation/to form a repetitive pattern of units. 

2039. A method of treating a coal formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; / 

allowing the htfat to transfer from the one or more heat sources to a selected 
section of the formation; 

wherein the Selected section has been selected for heating using a moisture 
content in the selected section, and wherein at least a portion of the selected section 
comprises a moist/ire content of less than about 15%; and 

producing a mixture from the formation. 

2040. The method of claim 2039, wherein the one or more heat sources comprise at 
least two heat sfources, and wherein superposition of heat from at least the two heat 
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sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

204 1 . The method of claim 2039, further comprisingAiaintaining a temperature within 
5 the selected section within a pyrolysis temperature range. 

2042. The method of claim 2039, wherein the 9ne or more heat sources comprise 
electrical heaters. 

10 2043. The method of claim 2039, whereir/the one or more heat sources comprise 
surface burners. 



O 
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2044. The method of claim 2039, wtyerein the one or more heat sources comprise 
flameless distributed combustors. 

2045. The method of claim 203^( wherein the one or more heat sources comprise natural 
distributed combustors. 



2046. The method of claim 2039, further comprising controlling a pressure and a 
£ 20 temperature within at least a/majority of the selected section of the formation, wherein 

the pressure is controlled ajf a function of temperature, or the temperature is controlled as 
a function of pressure. 



u 



2047. The method of claim 2039, further comprising controlling the heat such that an 
25 average heating rate of/the selected section is less than about 1 °C per day during 
pyrolysis. 



2048. The method 6f claim 2039, wherein providing heat from the one or more heat 
sources to at least ttte portion of formation comprises: 



506 



Conlcy. Rose & Tayon. P C 



10 



heating a selected volume (10 of the coal formation frorp the one or more heat 
sources, wherein the formation has an average heat capacity j(C v ). and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the voliyne is equal to or less than Pmt, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h isf an average heating rate of the 
formation, p B is formation bulk density, and wh^ein the heating rate is less than about 1 0 
°C/day. 

2049. The method of claim 2039, wherein/allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



CP 
fl 



; 2050. The method of claim 2039, wherein providing heat from the one or more heat 
'15 sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

205 1 . The method of claim 203y9, wherein the produced mixture comprises condensable 
pj hydrocarbons having an API gravity of at least about 25°. 

LJ 

|4. 2052. The method of claim£039, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein/about 0.1 % by weight to about. 15 % by weight of the 
. . condensable hydrocarbons are olefins. 

25 2053. The method of claim 2039, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0. 1 5. 



2054. The method if claim 2039, wherein the produced mixture comprises condensable 
30 hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 
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2055. The method of claim 2039, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. / 

2056. The method of claim 2039, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

2057. The method of claim 2039, wherein ihe produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

2058. The method of claim 2039, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compotinds. 

2059. The method of claim 203y9, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less/than about 5 % by weight of the condensable 
hydrocarbons comprises multi/ring aromatics with more than two rings. 

2060. The method of clainy2039, wherein the produced mixture comprises condensable 
hydrocarbons, and whereinAess than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

2061 . The method of clferim 2039, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 
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2062. The method of claim 2039, wherein the produced mixtureycomprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume otfthe non-condensable 
component, and wherein the hydrogen is less than about 80 fo by volume of the non- 

5 condensable component. 

2063. The method of claim 2039, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

10 2064. The method of claim 2039, wherein the produced mixture comprises ammonia ; 
and wherein the ammonia is used to produce fertilizer. 



m 



2065. The method of claim 2039, further comprising controlling a pressure within at 
least a majority of the selected section of tpe formation, wherein the controlled pressure 

15 is at least about 2.0 bar absolute. 

2066. The method of claim 2039, furaier comprising controlling formation conditions to 
produce the mixture, wherein a parti/l pressure of H 2 within the mixture is greater than 
about 0.5 bar. 



ItJ 
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2067. The method of claim 2066, wherein the partial pressure of H 2 within the mixture 
is measured when the mixture i4 at a production well. 



2068. The method of claimG039, further comprising altering a pressure within the 
25 formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than aboiw 25. 



30 



2069. The method of claim 2039, further comprising controlling formation conditions 
by recirculating a portidn of hydrogen from the mixture into the formation. 

2070. The method off claim 2039, further comprising: 
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providing hydrogen (H2) to the heated section to hydrogerjate hydrocarbons 
within the section; and 

heating a portion of the section with heat from hydro^nation. 

5 2071 . The method of claim 2039, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 

10 2072. The method of claim 2039, wherein allowing the heat to transfer comprises 

increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

/ 

2073. The method of claim 2039, wherem&l lowing the heat to transfer further 



U 



P 1 5 comprises substantially uniformly increasing a permeability of a majority of the selected 

CR section. 

^ 2074. The method of claim 2039, fuller comprising controlling the heat to yield greater 

'"a'" / 

jffj than about 60 % by weight of condejfisable hydrocarbons, as measured by Fischer Assay. 

% 20 

M 2075. The method of claim 203 9l wherein producing the mixture comprises producing 
the mixture in a production welly/and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

25 2076. The method of claim £039, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

30 2077. The method of claim 2039, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
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sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2078. A method of treating a coal formation in situ, comprising: 

providing heat from one or more heat sources to a selected section of the 
formation; / 

allowing the heat to transfer from the one or more heat sources to the selected 
section of the formation; / 

wherein at least a portion of theyselected section has an initial moisture content of 
less than about 1 5%; and / 

producing a mixture from thfc formation. 

2079. The method of claim 2074!, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. / 

2080. The method of claum 2078, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

2081 . The method of claim 2078, wherein the one or more heat sources comprise 
electrical heaters. / 

2082. The method of claim 2078, wherein the one or more heat sources comprise 
surface burners. / 

2083. The metftod of claim 2078, wherein the one or more heat sources comprise 
flameless distributed combustors. 
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2084. The method of claim 2078, wherein the one or 
distributed combustors. > 



>re heat sources comprise natural 



2085. The method of claim 2078, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

2086. The method of claim 2078, further comprising controlling the heat such that an 
average heating rate of the selected se^ion is less than about 1 °C per day during 
pyrolysis. 

2087. The method of claim 2078/ wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formatiop has an average heat capacity (C v ). and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating enefgy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated/by the equation: 

Pwr = h*V*C v *pl 

wherein Pwr is me heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 1 0 
°C/day. 

2088. The method/of claim 2078, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

2089. The methid of claim 2078, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the Selected section is greater than about 0.5 W/(m °C). 
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2090. The method of claim 2078, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25r . 

2091 . The method of claim 2078, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weightAo about 15 % by weight of the 
condensable hydrocarbons are olefins. / 

2092. The method of claim 2078, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

2093. The method of claim 2078, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

2094. The method of claim 2078, Avherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

2095. The method of claim 2078, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

2096. The method of claim 2078, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds/comprise phenols. 

2097. The method of claim 2078, wherein the produced mixture comprises condensable 
hydrocarbons, and Wherein greater than about 20 % by weight of the condensable 
hydrocarbons are arbmatic compounds. 
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2098. The method of claim 2078, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



2099. The method of claim 2078, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein les 
hydrocarbons are asphaltenes. 



hydrocarbons, and wherein less than about 0.3/ii by weight of the condensable 



10 2 1 00. The method of claim 2078, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by/weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

/ 

2101. The method of claim 2078, wherein the produced mixture comprises a non- 

/ 

condensable component, wherein thp non-condensable component comprises hvdrogen. 



wherein the hydrogen is greater th^n about 10 % by volume of the non-condensable 
component, and wherein the hycb£gen is less than about 80 % by volume of the non- 



f* 15 
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O condensable component. j 

Hp 20 2102. The method of claim 2078, wherein the produced mixture comprises ammonia, 
u. and wherein greater than abo,Ut 0.05 % by weight of the produced mixture is ammonia. 

2103. The method of claim 2078, wherein the produced mixture comprises ammonia, 
and wherein the ammonias used to produce fertilizer. 



2104. The method of cl iaim 2078, further comprising controlling a pressure within at 
least a majority of the Selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 
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2 1 05. The method of claim 2078, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 w^fliin the mixture is greater than 
about 0.5 bar. 

5 2 1 06. The method of claim 2105, wherein the pa^ial pressure of H2 within the mixture 
is measured when the mixture is at a productionywell. 

2 1 07. The method of claim 2078, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
1 0 numbers greater than about 25. 



2108. The method of claim 2078, turner 
by recirculating a portion of hydrogeiVfrom 



comprising controlling formation conditions 
the mixture into the formation. 



^ 15 2109. The method of claim 2078, Anther comprising: 

01 providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 

g within the section; and 

™f heating a portion of the ^ection with heat from hydrogenation. 

J5 20 2110. The method of claim 2078, further comprising: 
H producing hydrogen and condensable hydrocarbons from the formation; and 

hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hyiirogen. 

25 21 11. The method of claim 2078, wherein allowing the heat to transfer comprises 

increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 



2112. The method 01 claim 2078, wherein allowing the heat to transfer further 



30 comprises substantia; 
section. 



y uniformly increasing a permeability of a majority of the selected 
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2113. The method of claim 2078, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



5 2114. The method of claim 2078, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at l^ast about 7 heat sources are disposed in 
the formation for each production well 

2115. The method of claim 2078, further coi/prising providing heat from three or more 
10 heat sources to at least a portion of the forr^ation, wherein three or more of the heat 

sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



2116. The method of claim 2078, fyth er comprising providing heat from three or more 
1 5 heat sources to at least a portion of tfie formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to/form a repetitive pattern of units. 



^ 20 2117. A method of treating ii coal formation in situ, comprising: 
N> providing heat from/one or more heat sources to at least a portion of the 

formation; 

allowing the heat /to transfer from the one or more heat sources to a selected 
section of the formatior 

25 wherein the selected section is heated in a reducing environment during at least a 

portion of the time that the selected section is being heated; and 
producing a mixture from the formation. 

2118. The method of claim 2117, wherein the one or more heat sources comprise at 
30 least two heat sources, and wherein superposition of heat from at least the two heat 
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sources pyrolyzes at least some hydrocarbons within the s^fecjed section of the 
formation. 

2119. The method of claim 2117, further comprising maintaining a temperature within 
5 the selected section within a pyrolysis temperature range. 

2 1 20. The method of claim 2117, wherein the ope or more heat sources comprise 
electrical heaters. 

10 2121. The method of claim 2117, wherein tl/e one or more heat sources comprise 
surface burners. 

S 2 1 22. The method of claim 2117, wherei/i the one or more heat sources comprise 
jc flameless distributed combustors. 

Jl 2123. The method of claim 2117, wherein the one or more heat sources comprise natural 
distributed combustors. 

SrtJ 

fj 2 1 24. The method of claim 2117, nirther comprising controlling a pressure and a 
J? 20 temperature within at least a majomty of the selected section of the formation, wherein 
a the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

2125. The method of claim 21 1 7, further comprising controlling the heat such that an 
25 average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



2 1 26. The method of claim 2117, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 
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heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity /C v ). and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volujne is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is/an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 1 0 

°C/day. 

/ 

21 27. The method of claim 2117, wherein flowing the heat to transfer comprises 
transferring heat substantially by conductk 

2128. The method of claim 2117, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is g/eater than about 0.5 W/(m °C). 

2129. The method of claim 21 17, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

2130. The method of claim £ 1 1 7, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein About 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

2131. The method of craim 2117, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

2 1 32. The method bf claim 2117, wherein the produced mixture comprises condensable 
hydrocarbons, and /vherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condehsable hydrocarbons is nitrogen. 
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2133. The method of claim 2117, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. / 

2134. The method of claim 2117, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. / 

2135. The method of claim 21 1 7, wherein the produced mimire comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and/wherein the oxygen 
containing compounds comprise phenols. / 

21 36. The method of claim 2117, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by /weight of the condensable 
hydrocarbons are aromatic compounds. / 

2137. The method of claim 2117, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics wjth more than two rings. 

/ 

2138. The method of claim 2117, wherein tlie produced mixture comprises condensable 
hydrocarbons, and wherein less than about .6.3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 



2139. The method of claim 2117, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 
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2 1 40. The method of claim 2117, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 1 0 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. / 

2141. The method of claim 2117, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

2 1 42. The method of claim 2117, wherem/the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

2143. The method of claim 2117, furtner comprising controlling a pressure within at 
least a majority of the selected section/of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. / 

2 1 44. The method of claim 2117, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H 2 within the mixture is greater than 
about 0.5 bar. / 

2 1 45. The method of claim 2 w4, wherein the partial pressure of H 2 within the mixture 
is measured when the mixture as at a production well. 

2146. The method of clainy21 17, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than aboiw 25. 

2147. The method of clAim 2117, further comprising controlling formation conditions 
by recirculating a portidh of hydrogen from the mixture into the formation. 

2 1 48. The method of/claim 2117, further comprising: 



520 



Conley. Rose & Tayon. P C 



providing hydrogen (H2) to the heated section to Ijydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from^hydrogenation. 

2 1 49. The method of claim 2117, further comprising: 
producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produc/d condensable hydrocarbons with at least a 

portion of the produced hydrogen. 

2 1 50. The method of claim 2117, wherein allowing the heat to transfer comprises 
increasing a permeability of a majorityof the selected section to greater than about 100 
millidarcy. 

2151. The method of claim 2117/ wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

2 1 52. The method of claim 21 1 7, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

2153. The method of claim 2117, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

2 1 54. The method of claim 2117, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located im the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises af triangular pattern. 

2155. The method of claim 2117, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 



\ 
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sources comprises a triangular pattern, and wherein a plurality of ^e units are repeated 
over an area of the formation to form a repetitive pattern of \ 

2156. A method of treating a coal formation in situ, comprising: 
heating a first section of the formation to produ^ a mixture from the formation; 
heating a second section of the formation; anc 

recirculating a portion of the produced mixture from the first section into the 
second section of the formation to provide a reducing environment within the second 
section of the formation. 

2157. The method of claim 2 1 56, further Comprising maintaining a temperature within 
the first section or the second section within a pyrolysis temperature range. 

2158. The method of claim 2156, wMerein heating the first or the second section 
comprises heating with an electricaVneater. 

2159. The method of claim 2 1 5j6, wherein heating the first or the second section 
comprises heating with a surface burner. 

2160. The method of clainy2156, wherein heating the first or the second section 
comprises heating with a flameless distributed combustor. 

2161. The method of cmim 2156, wherein heating the first or the second section 
comprises heating witty a natural distributed combustor. 



2 1 62. The method of claim 2 1 56, further comprising controlling a pressure and a 
temperature within at least a majority of the first or second section of the formation, 
wherein the pressure is controlled as a function of temperature, or the temperature is 
controlled as a function of pressure. 
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2 1 63. The method of claim 2 1 56, further comprising controlling the heat such that an 
average heating rate of the first or the second section is less/than about 1 °C per day 
during pyrolysis. 
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5 2 1 64. The method of claim 2 1 56, wherein heating )fie first or the second section 
comprises: 

heating a selected volume (F) of the coal formation from one or more heat 
sources, wherein the formation has an average Keat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within l!ne selected volume of the formation; and 
10 wherein heating energy /day provided to the volume is equal to or less than Pwr. 

wherein Pwr is calculated by the equation 

Pwr = h*V*C v *p B 

wherein Pwr is the heating enefrgy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 1 0 
15 °C/day. 

2165. The method of claim 2 1&6, wherein heating the first or the second section 
comprises transferring heat substantially by conduction. 

20 2 1 66. The method of claim 2156, wherein heating the first or the second section 

comprises heating the first or the second section such that a thermal conductivity of at 
least a portion of the first or the second section is greater than about 0.5 W/(m °C). 



2 1 67. The method of claim 2156, wherein the produced mixture comprises condensable 
25 hydrocarbons having an API gravity of at least about 25°. 

2 1 68. The method of claim 2156, wherein the produced mixture comprises condensable 
hydrocarbons, arid wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

30 
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2169. The method of claim 2156, wherein the produced nature comprises non- 
condensable hydrocarbons, and wherein a molar ratio of^thene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 tp about 0.15. 

21 70. The method of claim 2156, wherein the nfoduced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 °//by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

2171. The method of claim 2156, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

2 1 72. The method of claim 2 1 56/ wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less man about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

2 1 73 . The method of claim/ 2 1 56, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

2 1 74. The method oy claim 2156, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

2175. The methon of claim 2156, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 
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2 1 76. The method of claim 2156, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

2 1 77. The method of claim 2156, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

2178. The method of claim 2156, wherein die produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than aboijt 10 % by volume of the non-condensable 
component, and wherein the hydrogen is'less than about 80 % by volume of the non- 
condensable component. / 

! 
I 

2 1 79. The method of claim 2156, yvherein the produced mixture comprises ammonia, 

/ 

and wherein greater than about 0.Q5 % by weight of the produced mixture is ammonia. 

/ 

2180. The method of claim 2156, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is uped to produce fertilizer. 

2181. The method of claim 2156, further comprising controlling a pressure within at 
least a majority of the first/or second section of the formation, wherein the controlled 
pressure is at least about Lo bar absolute. 



2 1 82. The method of claim 2 1 56, further comprising controlling formation conditions to 
produce the mixture, jvherein a partial pressure of H 2 within the mixture is greater than 
about 0.5 bar. 

2183. The method of claim 2 1 82, wherein the partial pressure of H 2 within the mixture 
is measured when/the mixture is at a production well. 
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2 1 84. The method of claim 2156, further comprising altering\a pressure within the 
formation to inhibit production of hydrocarbons from theyformation having carbon 
numbers greater than about 25. 

2185. The method of claim 2156, further comprisir 
providing hydrogen (H2) to the first or second section to hydrogenate 

hydrocarbons within the first or second section; gnd 

heating a portion of the first or second section with heat from hydrogenation. 



LJ 



10 2186. The method of claim 2156, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 

15 2187. The method of claim 2 1 56, whferein heating the first or the second section 
comprises increasing a permeability pi a majority of the first or the second section to 
greater than about 100 millidarcy. 



u 



2188. The method of claim 2 1 56, wherein heating the first or the second section 
20 comprises substantially uniforayly increasing a permeability of a majority of the first or 
the second section. 



25 



2 1 89. The method of claim/2 1 56, further comprising controlling the heat to yield greater 
than about 60 % by weight bf condensable hydrocarbons, as measured by Fischer Assay. 

2190. The method of claim 2156, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each ctoduction well. 



30 2191. The method ofjfclaim 2156, further comprising providing heat from three or more 
heat sources to at leasrc a portion of the formation, wherein three or more of the heat 
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sources are located in the formation in a unit of l>eat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

2192. The method of claim 2156, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



p 
01 



10 2193. A method of treating a coal/formation in situ, comprising: 

providing heat from one oj more heat sources to at least a portion of the 
formation; and j 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation suchihat a permeability of at least a portion of the selected 
15 section increases to greater than about 100 millidarcy. 

2 1 94. The method of claim 2193, wherein the one or more heat sources comprise at 
least two heat sources, apd wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
20 formation. 



2195. The methocy of claim 2 1 93, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

25 2 1 96. The metMod of claim 2 1 93, wherein the one or more heat sources comprise 
electrical heaters. 



30 



2197. The npethod of claim 2193, wherein the one or more heat sources comprise 
surface burners. 
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2198. The method of claim 2193, wherein the one or movp heat sources comprise 
flameless distributed combustors. 

2199. The method of claim 2193, wherein the one more heat sources comprise natural 
distributed combustors. 

2200. The method of claim 2193, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

2201 . The method of claim 2193, furfher comprising controlling the heat such that an 
average heating rate of the selected ^ection is less than about 1 °C per day during 
pyrolysis. 

2202. The method of claim 2193, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*cJp B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is forn/ation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

2203. The method of claim 2193, wherein allowing the heat to transfer comprises 
transferring heat/substantially by conduction. 
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2204. The method of claim 2193, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a/ftiermal conductivity of at least 
a portion of the selected section is greater than about 0./W/(m °C). 

2205. The method of claim 2193, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons having an 
API gravity of at least about 25°. 

2206. The method of claim 2193, further Comprising producing a mixture from the 
formation, wherein the produced mixture/comprises condensable hydrocarbons, and 
wherein about 0.1 % by weight to aboijt 15 % by weight of the condensable hydrocarbons 
are olefins. 

2207. The method of claim 2193^ further comprising producing a mixture from the 
formation, wherein the producer mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethenp to ethane in the non-condensable hydrocarbons ranges 
from about 0.001 to about 0yl5. 

2208. The method of claim 2193, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. 



2209. The method of claim 2193, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. 



2210. The method of claim 2193, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
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wherein less than about 1 % by weight, when calculated on an ajoqic basis, of the 
condensable hydrocarbons is sulfur. 

2211. The method of claim 2193, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to about 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen containing compounds comprise 
phenols. 
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2212. The method of claim 2193, further composing producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than about 20 % by weight of Jfne condensable hydrocarbons are aromatic 
compounds. 

22 1 3 . The method of claim 2 1 93, further comprising producing a mixture from the 
formation, wherein the produced mixture .comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight qf the condensable hydrocarbons comprises multi- 
ring aromatics with more than two ring 

2214. The method of claim 2193, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by )veight of the condensable hydrocarbons are 
asphaltenes. 



25 22 1 5 . The method of claim 2 1£3 , further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight/to about 30 % by weight of the condensable hydrocarbons 
are cycloalkanes. 



30 2216. The method of claim 2193, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-condensable component, 
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wherein the non-condensable component comprises hydrogen, Wnerein the hydrogen is 
greater than about 10 % by volume of the non-condensable component, and wherein the 
hydrogen is less than about 80 % by volume of the non-corrdensable component. 

22 1 7. The method of claim 2 1 93, further comprising/producing a mixture from the 
formation, wherein the produced mixture comprises/ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 

221 8. The method of claim 2 1 93, further comprising producing a mixture from the 
formation, wherein the produced mixture cqmprises ammonia, and wherein the ammonia 
is used to produce fertilizer. 

2219. The method of claim 2193, furmer comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

2220. The method of claim 2L93, further comprising controlling formation conditions to 
produce a mixture from the formation, wherein a partial pressure of H2 within the mixture 
is greater than about 0.5 bar/ 

222 1 . The method of cla/im 2220, further comprising producing a mixture from the 
formation, wherein the partial pressure of H2 within the mixture is measured when the 
mixture is at a product/on well. 

2222. The method of claim 2 1 93, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater man about 25. 

2223 . The metnod of claim 2193, further comprising producing a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 
from the mixture into the formation. 
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2224. The method of claim 2193, further comprising: 

providing hydrogen (H2) to the heated section to hy^/ogenate hydrocarbons 
within the section; and 
5 heating a portion of the section with heat from h/drogenation. 



10 



2225. The method of claim 2193, further comprisir 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced czondensable hydrocarbons with at least a 

portion of the produced hydrogen. 
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2226. The method of claim 2193, further comprising increasing a permeability of a 
majority of the selected section to greater pan about 5 Darcy. 

2227. The method of claim 2193, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 
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2228. The method of claim 2193, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

2229. The method of claim 2193, further comprising producing a mixture in a 
production well, wherein at leapt about 7 heat sources are disposed in the formation for 
each production well. 



25 2230. The method of clairn 2193, further comprising providing heat from three or more 
heat sources to at least a pc/tion of the formation, wherein three or more of the heat 

/ 

sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



30 2231. The method of dlaim 2193, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
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sources are located in the formation in a unit of heat sources Jwherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

5 2232. A method of treating a coal formation in situ, comprising: 

providing heat from one or more heat sources to at least a portion of the 

formation; and / 

/ 

allowing the heat to transfer from the one or more heat sources to a selected 

/ 

section of the formation such that a permeaoility of a majority of at least a portion of the 
10 selected section increases substantially uniformly. 

2233. The method of claim 2232, wherein the one or more heat sources comprise at 

D least two heat sources, and wherein superposition of heat from at least the two heat 

ul / 

5j sources pyrolyzes at least some hydrocarbons within the selected section of the 

4* 15 formation. / 
M- / 

m I 

2234. The method of claim 22^2, further comprising maintaining a temperature within 



the selected section within a pwolysis temperature range. 



U / 

.I 

)d of claim L 

I 

O electrical heaters. / 



■** 

s » 20 2235. The method of claim 2232, wherein the one or more heat sources comprise 

+» / 



j 

2236. The method of cla/m 2232, wherein the one or more heat sources comprise 

/ 

surface burners. / 



2237. The method of claim 2232, wherein the one or more heat sources comprise 
flameless distributed cpmbustors. 

2238. The method qt claim 2232, wherein the one or more heat sources comprise natural 
30 distributed combustors. 
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2239. The method of claim 2232, further comprising controlling a pressure and a 

temperature within at least a majority of the selected -section of the formation, wherein 

/ ' 

the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. j 



2240. The method of claim 2232, further comprising controlling the heat such that an 
average heating rate of the selected sections less than about 1 °C per day during 



pyrolysis. 



/ 
/ 



/ 

2241 . The method of claim 2232, wyferein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (P) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated byythe equation: 

Pwr = h*V*C v *p B 

wherein Pwr is the Seating energy/day, h is an average heating rate of the 
formation, p B is formatioiybulk density, and wherein the heating rate is less than about 10 
°C/day. / 



2242. The method of/claim 2232, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

2243. The methocy of claim 2232, wherein providing heat from the one or more heat 
sources comprises/heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

2244. The method of claim 2232, further comprising producing a mixture from the 
formation, whefein the produced mixture comprises condensable hydrocarbons having an 
API gravity of/at least about 25°. 
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2245. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 0. 1 % by weight to about 1 5 % by ^eight of the condensable hydrocarbons 
are olefins. 



10 



2246. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene to ethane ip the non-condensable hydrocarbons ranges 
from about 0.001 to about 0.15. 



W3 
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2247. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by we/ght, when calculated on an atomic basis, of the 

15 condensable hydrocarbons is nitrogen. 

2248. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 %/by weight when calculated on an atomic basis, of the 

20 condensable hydrocarbons As oxygen. 
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2249. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. 



30 



2250. The method/ of claim 2232, further comprising producing a mixture from the 
formation, whereim the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to about 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen containing compounds comprise 
phenols. 
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225 1 . The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than about 20 % by weight of the cortciensable hydrocarbons are aromatic 

compounds. / 

/ 
/ 

2252. The method of claim 2232, further combing producing a mixture from the 
formation, wherein the produced mixture comyfises condensable hydrocarbons, and 
wherein less than about 5 % by weight of they£ondensable hydrocarbons comprises multi- 
ring aromatics with more than two rings, j 

/ 

2253. The method of claim 2232, furthei/comprising producing a mixture from the 

formation, wherein the produced mixtur^f comprises condensable hydrocarbons, and 

/ 

wherein less than about 0.3 % by weigljft of the condensable hydrocarbons are 
asphaltenes. 




2254. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to ajsout 30 % by weight of the condensable hydrocarbons 
are cycloalkanes. 

2255. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by volume of the non-condensable component, and wherein the 
hydrogen is less than about 80 % by volume of the non-condensable component. 

2256. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight/of the produced mixture is ammonia. 
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2257. The method of claim 2232, further comprish/g producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. / 



2258. The method of claim 2232, further comprising controlling a pressure within at 
least a majority of the selected section of the' formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. / 

/ 

/ 

2259. The method of claim 2232, further comprising controlling formation conditions to 
produce a mixture from the formation, jwherein a partial pressure of H 2 within the mixture 

is greater than about 0.5 bar. / 

/ 

2260. The. method of claim 2232, further comprising producing a mixture from the 
formation, wherein the partial pressure of H 2 within the mixture is measured when the 

mixture is at a production well, j 

i 

2261 . The method of claim 2J32, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 35. 



2262. The method of clahh 2232, further comprising producing a mixture from the 
formation and controllingtfformation conditions by recirculating a portion of hydrogen 
from the mixture into the formation. 

2263. The method of jtlaim 2232, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; 

heating a porfion of the section with heat from hydrogenation. 

2264. The method of claim 2232, further comprising: 
producing hydrogen and condensable hydrocarbons from the formation; and 
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hydrogenating a portion of the produced condensabl/hydrocarbons with at least a 
portion of the produced hydrogen. 

2265. The method of claim 2232, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selecteja section to greater than about 100 
millidarcy. 

2266. The method of claim 2232, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

2267. The method of claim 2232, further comprising producing a mixture in a 
production well, wherein at least about 7 tyeat sources are disposed in the formation for 
each production well. 

2268. The method of claim 2232, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation p a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular patte 

2269. The method of claim 2232( further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2270. A method of treating /a coal formation in situ, comprising: 
providing heat from jbne or more heat sources to at least a portion of the 

formation; and 

allowing the heat td transfer from the one or more heat sources to a selected 
section of the formation such that a porosity of a majority of at least a portion of the 
selected section increases substantially uniformly. 
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2271 . The method of claim 2270, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of hesft from at least the two heat 
sources pyrolyzes at least some hydrocarbons within me selected section of the 
formation. / 

2272. The method of claim 2270, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

2273. The method of claim 2270, wherein tne one or more heat sources comprise 
electrical heaters. / 

2274. The method of claim 2270, wherein the one or more heat sources comprise 
surface burners. / 

2275. The method of claim 2270, wherein the one or more heat sources comprise 
flameless distributed combustors. / 

2276. The method of claim 2270, wherein the one or more heat sources comprise natural 
distributed combustors. / 

2277. The method of claim 2270, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. / 

2278. The method of claim 2270, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. / 
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2279. The method of claim 2270, wherein providing heat fron/the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation/from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the yolume is equal to or less than Pwr. 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and \ynerein the heating rate is less than about 10 
°C/day. 

2280. The method of claim 2270, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

2281 . The method of claim 2270, Wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

2282. The method of claim 2270, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons having an 
API gravity of at least about 25°. 

2283. The method of cladm 2270, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 0.1 % by weight to about 15 % by weight of the condensable hydrocarbons 
are olefins. 



2284. The method/of claim 2270, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
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wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons ranges 
from about 0.00 1 to about 0.15. / 

2285. The method of claim 2270, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises cond/nsable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated^ on an atomic basis, of the 
condensable hydrocarbons is nitrogen. / 

2286. The method of claim 2270, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when Calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. / 

2287. The method of claim 2270, furtheycomprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight/when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. / 

2288. The method of claim 2270, Anther comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to about 30/% by weight of the condensable hydrocarbons comprise 
oxygen containing compoundsyand wherein the oxygen containing compounds comprise 
phenols. / 

2289. The method of claim 2270, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. / 

2290. The method of claim 2270, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
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wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 
ring aromatics with more than two rings. 

2291 . The method of claim 2270, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises cond/nsable hydrocarbons, and 
wherein less than about 0.3 % by weight of the condensable hydrocarbons are 
asphaltenes. / 

2292. The method of claim 2270, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to about 30 % by ,weight of the condensable hydrocarbons 
are cycloalkanes. j 

2293. The method of claim 2270, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensable componenj? comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by volume of tjie non-condensable component, and wherein the 
hydrogen is less than about 80 % by v/ilume of the non-condensable component. 

/ 

2294. The method of claim 2270, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 

2295. The method of claim 2270, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. 

2296. The method of claim 2270, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar ah/solute. 
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2297. The method of claim 2270, further comprising controllingiormation conditions to 
produce a mixture from the formation, wherein a partial pressure of H2 within the mixture 
is greater than about 0.5 bar. 

2298. The method of claim 2 1 93, further comprising producing a mixture from the 
formation, wherein the partial pressure of H 2 within th/ mixture is measured when the 
mixture is at a production well. 

2299. The method of claim 2 1 93, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons /from the formation having carbon 
numbers greater than about 25. 



2300. The method of claim 2 1 93, further comprising producing a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 
from the mixture into the formation. / 



2301 . The method of claim 2270, further compnsing: 

providing hydrogen (H2) to the/heated section to hydrogenate hydrocarbons 

/ 

within the section; and / 

heating a portion of the section with heat from hydrogenation. 

/ 
/ 

2302. The method of claim 2270,^/further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogeji. 

/ 

2303. The method of claim 2270, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 1 
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2304. The method of claim 2270, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majoritVof the selected section. 

2305. The method of claim 2270, further comprising controlling the heat to yield greater 
5 than about 60 % by weight of condensable hydrocarbons( as measured by Fischer Assay. 

2306. The method of claim 2270, further comprising producing a mixture in a 
production well, and wherein at least about 7 heat sources are disposed in the formation 
for each production well. j 

! 

2307. The method of claim 2270, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit bf heat sources, and wherein the unit of heat 



10 



15 



^ sources comprises a triangular pattern. 



/ 

/ 

D . / 

p 2308. The method of claim 2270, further comprising providing heat from three or more 

H heat sources to at least a portion of the formation, wherein three or more of the heat 

s / 

P sources are located in the formation in a unit of heat sources, wherein the unit of heat 

tl sources comprises a triangular pattern^ and wherein a plurality of the units are repeated 

V Z i 

4* 20 over an area of the formation to form' a repetitive pattern of units. 

S / 

2309. A method of treating a coaK formation in situ, comprising: 

providing heat from one or more heat sources to at least a portion of the 
formation; / 
25 allowing the heat to transfer from the one or more heat sources to a selected 

section of the formation; and - 

controlling the heat to Afield at least about 1 5 % by weight of a total organic 
carbon content of at least some of the coal formation into condensable hydrocarbons. 

30 23 10. The method of claim 2309, wherein the one or more heat sources comprise at 
least two heat sources, andKvherein superposition of heat from at least the two heat 
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sources pyrolyzes at least some hydrocarbons within th'e selected section of the 
formation. / 

2311. The method of claim 2309, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

23 1 2. The method of claim 2309, wherein tjie one or more heat sources comprise 
electrical heaters. 

23 1 3. The method of claim 2309, wherein the one or more heat sources comprise 
surface burners. 

23 14. The method of claim 2309, wherein the one or more heat sources comprise 
flameless distributed combustors. 

23 15. The method of claim 230^, wherein the one or more heat sources comprise natural 
distributed combustors. 

/ 

23 16. The method of claim 2^09, further comprising controlling a pressure and a 
temperature within at least a ihajority of the selected section of the formation, wherein 
the pressure is controlled as A function of temperature, or the temperature is controlled as 
a function of pressure. j 

23 17. The method of claim 2309, further comprising controlling the heat such that an 
average heating rate of tpe selected section is less than about 1 °C per day during 
pyrolysis. 

23 1 8. The method on claim 2309, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 
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heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat/capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided tq/the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, find wherein the heating rate is less than about 10 
°C/day. 

23 1 9. The method of claim 2309, Arherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

2320. The method of claim 2309, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

2321 . The method of claim 2309, further comprising producing a mixture from the 
formation, wherein theyproduced mixture comprises condensable hydrocarbons having an 
API gravity of at leasv about 25°. 

2322. The methoa of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 0./ % by weight to about 1 5 % by weight of the condensable hydrocarbons 
are olefins. 

2323. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
wherein a njolar ratio of ethene to ethane in the non-condensable hydrocarbons ranges 
from about iO.001 to about 0. 1 5. 
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2324. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculate? on an atomic basis, of the 
condensable hydrocarbons is nitrogen. 

2325. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. 

2326. The method of claim 2309, further Comprising producing a mixture from the 
formation, wherein the produced mixture (Comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, ^hen calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. / 

/ 

2327. The method of claim 2309, farther comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to about 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, ajid wherein the oxygen containing compounds comprise 
phenols. 

2328. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than about lj0 % by weight of the condensable hydrocarbons are aromatic 
compounds. 



2329. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about/5 % by weight of the condensable hydrocarbons comprises multi- 
ring aromatics with mo|re than two rings. 
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2330. The method of claim 2309, further comprising/producing a mixture from the 
formation, wherein the produced mixture comprises/condensable hydrocarbons, and 
wherein less than about 0.3 % by weight of the condensable hydrocarbons are 
asphaltenes. 

233 1 . The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture Comprises condensable hydrocarbons, and 
wherein about 5 % by weight to about 3y % by weight of the condensable hydrocarbons 
are cycloalkanes. 

2332. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by volitme of the non-condensable component, and wherein the 
hydrogen is less than about 8y % by volume of the non-condensable component. 

2333. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 

2334. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. 

2335. The method of claim 2309, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

2336. The meihod of claim 2309, further comprising controlling formation conditions to 
produce a mixrure from the formation, wherein a partial pressure of H2 within the mixture 
is greater than/ about 0.5 bar. 
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2337. The method of claim 2309, further comprisim/producing a mixture from the 
formation, wherein the partial pressure of H2 withii/the mixture is measured when the 
mixture is at a production well. 

5 

2338. The method of claim 2309, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

10 2339. The method of claim 2309, further comprising producing a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 
from the mixture into the formations 
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2340. The method of claim 230y9, further comprising: 
1 5 providing hydrogen (Hy to the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of ttfe section with heat from hydrogenation. 

2341 . The method of claim 2309, further comprising: 

20 producing hydrogelh and condensable hydrocarbons from the formation; and 

hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced nydrogen. 



2342. The method of/claim 2309, wherein allowing the heat to transfer comprises 
25 increasing a permeability of a majority of the selected section to greater than about 100 

millidarcy. 

2343. The method of claim 2309, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 
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2344. The method of claim 2309, wherein the heating is controlled to yield greater than 
about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

2345. The method of claim 2309, further comprising producing a mixture in a 
production well and wherein at least about 7 heat souths are disposed in the formation 
for each production well. 

2346. The method of claim 2309, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit o/heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

2347. The method of claim 2309, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a^unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form j repetitive pattern of units. 



2348. A method of treating a coal ^rmation in situ, comprising: 

providing heat from one or piore heat sources to at least a portion of the 



formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; and / 

controlling the heat to yield greater than about 60 % by weight of condensable 
hydrocarbons, as measured by Fischer Assay. 

2349. The method of claim 2348, wherein the one or more heat sources comprise at 
least two heat sources, and Wherein superposition of heat from at least the two heat 
sources pyrolyzes at least softie hydrocarbons within the selected section of the 
formation. 

v 
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2350. The method of claim 2348, further comprising maintain! 
the selected section within a pyrolysis temperature range. / 

235 1 . The method of claim 2348, wherein the one or more heat sources comprise 
electrical heaters. / 

2352. The method of claim 2348, wherein the one/or more heat sources comprise 
surface burners. / 

2353. The method of claim 2348, wherein we one or more heat sources comprise 
flameless distributed combustors. / 

2354. The method of claim 2348, wherein the one or more heat sources comprise natural 
distributed combustors. / 

2355. The method of claim 2348, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a fupction of temperature, or the temperature is controlled as 
a function of pressure. / 

2356. The method of claim 2348, further comprising controlling the heat such that an 
average heating rate of the/selected section is less than about 1 °C per day during 
pyrolysis. / 

2357. The method of claim 2348, wherein providing heat from the one or more heat 
sources to at least theiportion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least toe hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 



a temperature within 
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Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is anT average heating rate of the 
formation, p B is formation bulk density, and where^ the heating rate is less than about 1 0 
°C/day. 

5 

2358. The method of claim 2348, wherein/allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

2359. The method of claim 2348, whferein providing heat from the one or more heat 

10 sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is/greater than about 0.5 W/(m °C). 
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2360. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons having an 

15 API gravity of at least about 25°. 

2361 . The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 0.1 % yy weight to about 15 % by weight of the condensable hydrocarbons 

20 are olefins. 

2362. The method of claim 2348, further comprising producing a mixture from the 
formation, wherem the produced mixture comprises non-condensable hydrocarbons, and 
wherein a molarratio of ethene to ethane in the non-condensable hydrocarbons ranges 

25 from about 0.00 1 to about 0.15. 
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2363. The method of claim 2348, further comprising producing a mixture from the 
formation, Wnerein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. 
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2364. The method of claim 2348, further comprising; producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. / 

2365. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture Comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. / 

2366. The method of claim 2348, rarther comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to about 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen containing compounds comprise 
phenols. / 

2367. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. / 

2368. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 
ring aromatics with more than two rings. 

2369. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less pan about 0.3 % by weight of the condensable hydrocarbons are 
asphaltenes./ 
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2370. The method of claim 2348, further comprising pioducing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to about 30 % by weight of the condensable hydrocarbons 
are cycloalkanes. / 

2371 . The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensable componen/comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by volume of the non-condensable component, and wherein the 
hydrogen is less than about 80 % by yvolume of the non-condensable component. 

2372. The method of claim 234f{, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight of the/produced mixture is ammonia. 

2373. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. 

2374. The method oj claim 2348, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about l.Oibai absolute. 

2375. The method of claim 2348, further comprising controlling formation conditions to 
produce a mixture from the formation, wherein a partial pressure of H2 within the mixture 
is greater than/about 0.5 bar. 

2376. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the partial pressure of H2 within the mixture is measured when the 
mixture is/at a production well. 
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2377. The method of claim 2348, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



2378. The method of claim 2348, further comprising producing a mixture from the 
formation and controlling formation conditions by recijjculating a portion of hydrogen 
from the mixture into the formation. 

2379. The method of claim 2348, further comprising: 
providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with h^at from hydrogenation. 



2380. The method of claim 2348, further comprising: 

producing hydrogen and condensat/le hydrocarbons from the formation; and 
hydrogenating a portion of the prc&uced condensable hydrocarbons with at least a 
portion of the produced hydrogen. j 

j 

238 1 . The method of claim 2348, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. j 



2382. The method of claim 2348S, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

/ 

2383. The method of claim 2348, further comprising producing a mixture in a 
production well, and whereir/at least about 7 heat sources are disposed in the formation 
for each production well. / 

/ 

2384. The method of clai'm 2348, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
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sources are located in the formation in a unit of heat source^ 
sources comprises a triangular pattern. 



id wherein the unit of heat 



2385. The method of claim 2348, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and where/n a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



o 



10 2386. A method of treating a coal formation^n situ, comprising: 

heating a first section of the formation to pyrolyze at least some hydrocarbons in 
the first section and produce a first mixturafrom the formation; 

heating a second section of the formation to pyrolyze at least some hydrocarbons 
in the second section and produce a second mixture from the formation; and 
1 5 leaving an unpyrolyzed section yoetween the first section and the second section to 

inhibit subsidence of the formation. 



M 20 
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2387. The method of claim 2386, further comprising maintaining a temperature within 
the first section or the second section within a pyrolysis temperature range. 

2388. The method of claim 238*, wherein heating the first section or heating the second 
section comprises heating with an electrical heater. 



2389. The method of claim 2B86, wherein heating the first section or heating the second 
25 section comprises heating with a surface burner. 

2390. The method of claim 2386, wherein heating the first section or heating the second 
section comprises heating with a flameless distributed combustor. 



30 2391 . The method of claim 2386, wherein heating the first section or heating the second 
section comprises heating with a natural distributed combustor. 
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2392. The method of claim 2386, further comprising controlling a pressure and a 
temperature within at least a majority of the first or second section of the formation, 
wherein the pressure is controlled as a function of temperature, or the temperature is 
controlled as a function of pressure. 
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2393. The method of claim 2386, further comprising controlling the heat such that an 
average heating rate of the first or second section is \fss than about 1 °C per day during 
pyrolysis. 

2394. The method of claim 2386, wherein heating the first section or heating the second 
section comprises: 

heating a selected volume ( F) of the coil formation from one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within Ahe selected volume of the formation; and 

wherein heating energy/day provide^ to the volume is equal to or less than Pwr, 
wherein Pmt is calculated by the equation:^ 

Pwr = h*V*C v *p B 

wherein Pwr is the heating energV/day, h is an average heating rate of the 
formation, p B is formation bulk density, jind wherein the heating rate is less than about 10 
°C/dav. 
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2395. The method of claim 2386, wnerein heating the first section or heating the second 
section comprises transferring heat substantially by conduction. 

2396. The method of claim 2386, wherein heating the first section or heating the second 
section comprises heating the formation such that a thermal conductivity of at least a 
portion of the first or second section, respectively, is greater than about 0.5 W/(m °C). 



30 2397. The method of claim 2386, wherein the first or second mixture comprises 
condensable hydrocarbons havirfg an API gravity of at least about 25°. 
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2398. The method of claim 2386, wherein the first or second mixture comprises 
condensable hydrocarbons, and wherein about 0. 1 % by weight \p about 1 5 % by weight 
of the condensable hydrocarbons are olefins. 

2399. The method of claim 2386, wherein the first or second mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of /thene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to sfcout 0.15. 

2400. The method of claim 2386, wherein the first/or second mixture comprises 
condensable hydrocarbons, and wherein less than about 1 % by weight, when calculated 
on an atomic basis, of the condensable hydrocart/ons is nitrogen. 

2401 . The method of claim 2386, wherein the first or second mixture comprises 
condensable hydrocarbons, and wherein lesstfhan about 1 % by weight, when calculated 
on an atomic basis, of the condensable hydrocarbons is oxygen. 

2402. The method of claim 2386, where/n the first or second mixture comprises 
condensable hydrocarbons, and wherein^/ess than about 1 % by weight, when calculated 

on an atomic basis, of the condensable hydrocarbons is sulfur. 

/ 
/ 

2403. The method of claim 2386, wherein the first or second mixture comprises 
condensable hydrocarbons, wherein pout 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons comprise oxygen containing compounds, and wherein the 
oxygen containing compounds comprise phenols. 

2404. The method of claim 2386, wherein the first or second mixture comprises 
condensable hydrocarbons, and wherein greater than about 20 % by weight of the 
condensable hydrocarbons are aromatic compounds. 



558 Conlcy . Rose & Tayon. P C 



o 



25 



2405. The method of claim 2386, wherein the first or second mixture comprises 
condensable hydrocarbons, and wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 

5 2406. The method of claim 2386, wherein the first or second mixture comprises 
condensable hydrocarbons, and wherein less than about 0.3 % by weight of the 
condensable hydrocarbons are asphaltenes. 

/ 

2407. The method of claim 2386, wherein/the first or second mixture comprises 
10 condensable hydrocarbons, and wherein a|?out 5 % by weight to about 30 % by weight of 

the condensable hydrocarbons are cycloatkanes. 

t 
/ 

2408. The method of claim 2386, whe/ein the first or second mixture comprises a non- 

/ 

condensable component, and wherein the non-condensable component comprises 
15 hydrogen, and wherein the hydrogen Is greater than about 1 0 % by volume of the non- 
condensable component and whereiijf'the hydrogen is less than about 80 % by volume of 
the non-condensable component, j 



2409. The method of claim 2386/ wherein the first or second mixture comprises 
fU 20 ammonia, and wherein greater th^ln about 0.05 % by weight of the first or second mixture 
fi is ammonia. 



2410. The method of claim 23r86, wherein the first or second mixture comprises 
ammonia, and wherein the ammonia is used to produce fertilizer. 

241 1 . The method of claim £3 86, further comprising controlling a pressure within at 
least a majority of the first or second section of the formation, wherein the controlled 
pressure is at least about 2.6 bar absolute. 
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2412. The method of claim 2386, further comprising controlling formation conditions to 
produce the first or second mixture, wherein a partial (pressure of H 2 within the first or 
second mixture is greater than about 0.5 bar. 

24 1 3 . The method of claim 2386, wherein a rfartial pressure of H 2 within the first or 
second mixture is measured when the first oi/second mixture is at a production well. 

2414. The method of claim 2386, furthey comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

241 5. The method of claim 2386, further comprising controlling formation conditions 
by recirculating a portion of hydroge/i from the first or second mixture into the formation. 

24 1 6. The method of claim 2386, further comprising: 
providing hydrogen (H 2 ) tofthe first or second section to hydrogenate 

hydrocarbons within the first or second section, respectively; and 

heating a portion of the fifst or second section, respectively, with heat from 
hydrogenation. 

24 1 7. The method of claim 2j( 86, further comprising: 
producing hydrogen arid condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 



241 8. The method of claim 2386, wherein heating the first section or heating the second 
section comprises increasing a permeability of a majority of the first or second section, 
respectively, to greater thaft about 100 millidarcy. 
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2419. The method of claim 2386, wherein heating the first section or heating the second 
section comprises substantially uniformly increasing a permeability of a majority of the 
first or second section, respectively. / 

. 5 2420. The method of claim 2386, further comprising controlling heating of the first or 
second section to yield greater than about 60 % by weight of condensable hydrocarbons, 
as measured by Fischer Assay, from the Mrst or second section, respectively. 

242 1 . The method of claim 2386, wherein producing the first or second mixture 

10 comprises producing the first or second mixture in a production well, and wherein at least 
about 7 heat sources are disposed inr the formation for each production well. 

2422. The method of claim 238o, further comprising providing heat from three or more 
heat sources to at least a portioryof the formation, wherein three or more of the heat 

1 5 sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

2423. The method of clairry 2386, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 

20 sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the forma/ion to form a repetitive pattern of units. 

2424. A method of treating a coal formation in situ, comgpstrfg: 

25 providing heat from one or more heat soyretfsto at least a portion of the 

formation; 

allowing the heat totratfsfer from the one or more heat sources to a selected 
section of the fonnatjali; and 

produ^irfg a mixture from the formation through one or more production wells. 
30 whereir^tiie heating is controlled such that the mixture can be produced from the 
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formation as a vapor, and wherein at least about 7 heat sources are disposed in thfe 
formation for each production well. 

2425. The method of claim 2424, wherein the one or more heat sources ^omprise at 
least two heat sources, and wherein superposition of heat from at leastytne two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

2426. The method of claim 2424, further comprising mainlining a temperature within 
the selected section within a pyrolysis temperature range. 



lAoa — =Fhf- ™nthnH nf nini™ t "j^Hn thf onff f ) f morr h rn t f i onr reTTTfrnp^ 
electrical heaters. 



2428. The method of claim 2424, wherei]£i#ifone or more heat sources comprise 
surface burners. 

2429. Thgmethod of clairii 2424 ?/ >vherein the one or more heat sources comprise 
fnefess distributed combttste^- 

2430. The method of claim 2424, wherein the one or more heat sources comprise natural 
distributed combustorsy 

243 1 . The method of claim 2424, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure p controlled as a function of temperature, or the temperature is controlled as 
a function/of pressure. 



24327 The method of claim 2424, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
p/rolysis. 
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/idine heat from the one or more heat 



10 



2433. The method oi claim 2424, wheitHR- 

sources to at least the portion of formation comprises: "^x^ 

heating a selected volume (V) of the coal formation from thg^etfie or more heat 
sources, wherein the formation has an average heat capacity^!;), and wherein the heating 
pyrolyzes at least some hydrocarbons withinj^e-stflected volume of the formation: and 

wherein heating energy/davpKfvided to the volume is equal to or less than Pwr. 
wherein Pwr is calculated b^Aiif equation: 

Pwr = h*V*£S% 

whevpirfPwr is the heating energy/day, A is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 



2434. The method of claim 2424, wheflfein allowing the heat to transfer comprises 
1 5 transferring heat substantially by conduction. 



20 



25 



30 



2455^Ehe-method-tyfclaim 2424, wherein providing hgat-frem-tlie one oi moreheat 
sources compnsesneaung-tfte-seiected section such that a thermal conductivity of at least 
'the selected sect ion is greater than about 0.5 W/(m °C). 

2436. The method of claim 2424, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least ab/ut 25° 

2437. The method of claim 2424, wherein w produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % b^veight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



2438. The method of claim 
condensable hydrocarbons 
condensable hvdrocarbons r; 




fwherein the produced mixture comprises non- 
rtierein a molar ratio of ethene to ethane in the non- 
from about 0.001 to about 0.15. 
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2439. The method of claim 2424. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen./ 

5 2440. The method of claim 2424, wherein the Produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 %iby weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

2441 . The method of claim 2424, whereinAhe produced mixture comprises condensable 
10 hydrocarbons, and wherein less than abou/ 1 % by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons ii sulfur. 

2442. The method of claim 2424, wtferein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % b\f weight to about 30 % by weight of the condensable 

1 5 hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

2443. The method of claim 2424, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 

20 hydrocarbons are aromatic /ompounds. 

2444. The method of cmim 2424, wherein the produced mixture comprises condensable 
hydrocarbons, and whdrein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

25 / 

2445. The method of claim 2424, wherein the produced mixture comprises condensable 
hydrocarbons, aim wherein less than about 0.3 % by weight of the condensable 
hydrocarbons ai|e asphaltenes. 
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2446. The method of claim 2424, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 




10 




2447: — T ho mfithnH nf rlqim 7474 wfrerp in p r o^ i rH mixture ^ omp n^s a non- 
condensable component, wherein the non^ondensablej^niponent^ 
wherein the hydrogenis-greaterxharfaBou^ % by volume of the non-condensable 
t, and wherein the hydrogen is less than about 80 % by volume of the non- 
Jomponent 

2448. The method of claim 2424, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

2449. The method of claim 2424, whereiryme produced mixture comprises ammonia, 
and wherein the ammonia is used to procjjace fertilizer. 



R 3 



n 



20 



2450t-> The method ofxlaiiil 2424, fuilher comprising controlling a pressure withii i 
least a majority of the selected section of the formation, whereirUhe-cefiSoiled pressure 
is at least about 2.0 bar absolute. 

245 1 . The method oi^etSim 2424, further comprising controlling formation conditions to 
produce th^nlixture, wherein a partial pressure of H2 within the mixture is greater than 



5 2452. The method of clainy2452, wherein the partial pressure of H2 within the mixture 



is measured when the mixture is at a production well. 



~2#53. The method of claim 2^24^nfrrther comjDrising_allerii^ wiilun the* 

formation to inhibrtTJToauctioiivQf hydrocarbons from the formation having carbon 
30 nugriSers greater than about 25. 
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T hC P^thnH-nf claim -frTrH^^nn^pHd^p r nntrn1|j n p fnrmaf jfm £r>TKliti^nS 

bTT^rrrejulating a portion of hydrogen from the mixture into the formation. 



2455. The method of claim 2424, further comprising: 
providing hydrogen (H2) to the heated sectipirlo hydrogenate hydrocarbons 

within the section; and 

heating a portion of the i ecjkrfi with he^t from hydrogenation. 

V 

2456. The method^ofclaim 2424, further comprising: 
prqjludng hydrogen and condensable hydrocarbons from the formation; and 
lydrogenating a portion of the produced condensable hydrocarbons with at least a 



^ 



> 4S7 T - ha mnthnH nf rla i m w hAreir n ^|1nwing jjWj^t tO transfer Comprises 

increasing a permeability of a majority of the selected section to great ertha 
millidarcy. 




2458. Thtfmethod of claim 2424, wherein allowing the heat to transfer comprises 




Te metEodof claim 2424, whereij 
about J>£L%^5 



, as measured by Fischer Assay. 



2460. The method 01 claim z 424, further comprising piuviding heat from three or more, 
heat sources to at least a portion of the formation, wherein three or morgjafttiSTieat 
sources are located in the formation in a unit of heat soui^esrSnJwherein the unit of heat 
sources comprises a triangular pattern. 



2461 . The method x>£<Iaim 2424, further comprising providing heat from three or more 
heat sourpes-loat least a portion of the formation, wherein three or more of the heat 



rfsarelocated in the formation in a unit ofheat sources, wherein the unit oi heat — - — - 
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* 




sources comprises a lliaiiguldi pattern, ancUvherein^^ units are repeated 

e^erSr^ea ot the i bnualiuu to form a repetitive patt e rn of unks^_ 



10 



2462. A method of treating a coal formation in sftu, comprising: 

providing heat from one or more heat sources to at least a portion of the 
formation, wherein the one or more heat sources are disposed within one or more first 
wells; 

allowing the heat to transfer from throne or more heat sources to a selected 
section of the formation; and 

producing a mixture from the forn/iation through one or more second wells, 
w herein one or more of the first or second wells are initially used for a first purpose and 
are then used for one or more other puiposes. 



L*" 15 



20 



2463. The method of claim 2462, wherein the first purpose comprises removing water 
from the formation, and wherein ttje second purpose comprises providing heat to the 
formation. / ^ 

2464. The method of claim 2402, wherein me first purpose comprises removing water 
from the formation, and where#i the secopd purpose comprises producing the mixture. 

2465. The method of claim 2*462, wherein the first purpose comprises heating, and 
wherein the second purpose comprises removing water from the formation. 



2466. The method of claim 2462, wherein the first purpose comprises producing the 

25 mixture, and wherein the second purpose comprises removing water from the formation. 

2467. The method of glaim 2462, wherein the one or more heat sources comprise 
electrical heaters. 



30 2468. The method claim 2462, wherein the one or more heat sources comprise 
surface burners. 
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2469. The method of claim 2462, wherein the one or more he^f sources comprise 
flameless distributed combustors. 

2470. The method of claim 2462, wherein the one or m^e heat sources comprise natural 
5 distributed combustors. 



10 



2471 . The method of claim 2462, further comprising controlling a pressure and a 
temperature within at least a majority of the select/d section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 



E3 



15 



20 



25 



2472. The method of claim 2462, further comprising controlling the heat such that an 
average heating rate of the selected section irs less than about 1 .0 0 C per day during 
pyrolysis. 

2473. The method of claim 2462, wherein providing heat from the one or more heat 
sources to at least the portion of the focmation comprises: 

heating a selected volume {V)kf the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the/equation: 

Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, ps is formation buy: density, and wherein the heating rate is less than about 10 

°C/day. 



30 



2474. The method of claim 2462, wherein providing heat from the one or more heat 



sources comprises heating 
a portion of the selected se 



he selected section such that a thermal conductivity of at least 
:tion is greater than about 0.5 W/(m °C). 



v 
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2475. The method of claim 2462, wherein the produced mi^ure comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

2476. The method of claim 2462, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to epout 15 % by weight of the 
condensable hydrocarbons are olefins. 

2477. The method of claim 2462, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a mola/ ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about jO.001 to about 0.15. 

2478. The method of claim 2462, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than aboiit 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

2479. The method of claim 2462, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarpons is oxygen. 

2480. The method of claim 2462, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less/than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

2481 . The method of claim/2462, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

2482. The method of cFaim 2462, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



569 



Conlcy. Rose & Tayon, P C 



2483. The method of claim 2462, wherein the produced mi/ture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight m the condensable 
hydrocarbons comprises multi-ring aromatics with more/han two rings. 

2484. The method of claim 2462, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % hj weight of the condensable 
hydrocarbons are asphaltenes. / 

2485. The method of claim 2462, wherein ther produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes/ 

2486. The method of claim 2462, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. / 

2487. The method of claim 2462/ wherein the produced mixture comprises ammonia, 
and wherein greater than about 0A)5 % by weight of the produced mixture is ammonia. 

2488. The method of claim 24t>2, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is uied to produce fertilizer. 

2489. The method of claim/2462, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 
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2490. The method of claim 2462, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H 2 , wherein a partial pressure of H 2 
within the mixture is greater than about 0.5 bar. 

2491 . The method of claim 2490, wherein the partial pressure of H 2 is measured when 
the mixture is at a production well. 

2492. The method of claim 2462, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbpns from the formation having carbon 
numbers greater than about 25. 

2493. The method of claim 2462, further comprising controlling formation conditions, 
wherein controlling formation conditions comprises recirculating a portion of hydrogen 
from the mixture into the formation^ 

2494. The method of claim 2462, further comprising: 
providing hydrogen (tip to the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of die section with heat from hydrogenation. 

2495. The method of claim 2462, wherein the produced mixture comprises hydrogen 
and condensable hydrocarbons, the method further comprising hydrogenating a portion of 
the produced condensarole hydrocarbons with at least a portion of the produced hydrogen. 

2496. The method of claim 2462, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

2497. The method of claim 2462, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 
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2498. The method of claim 2462, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

2499. The method of claim 2462, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about Aeat sources are disposed in 
the formation for each production well. / 

2500. The method of claim 2462, further comprising^providing heat from three or more 
heat sources to at least a portion of the formation, Wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. / 

2501 . The method of claim 2462, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in /unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern/ and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2502. A method for forming heater wells in a coal formation, comprising: 
forming a first wellbore/in the formation; 

forming a second welloore in the formation using magnetic tracking such that the 
second wellbore is arrangedysubstantially parallel to the first wellbore; and 

providing at least one heating mechanism within the first wellbore and at least one 
heating mechanism within the second wellbore such that the heating mechanisms can 
provide heat to at least apportion of the formation. 

2503. The method oy claim 2502, wherein superposition of heat from the at least one 
heating mechanism within the first wellbore and the at least one heating mechanism 
within the second wellbore pyrolyzes at least some hydrocarbons within a selected 
section of the formation. 
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2504. The method of claim 2502, further comprising maintaining/a temperature within a 
selected section within a pyrolysis temperature range. / 

2505. The method of claim 2502, wherein the heating meohanisms comprise electrical 
heaters. / 

2506. The method of claim 2502, wherein the heating mechanisms comprise surface 
burners. / 

2507. The method of claim 2502, wherein the heating mechanisms comprise flameless 
distributed combustors. / 

2508. The method of claim 2502, wherein the heating mechanisms comprise natural 
distributed combustors. / 

2509. The method of claim 2502, furtner comprising controlling a pressure and a 
temperature within at least a majority b{ a selected section of the formation, wherein the 
pressure is controlled as a function of temperature, or the temperature is controlled as a 
function of pressure. / 

25 10. The method of claim 2502, further comprising controlling the heat from the 
heating mechanisms such that neat transferred from the heating mechanisms to at least 
the portion of the hydrocarbons is less than about 1 °C per day during pyrolysis. 

2511. The method of claim 2502, further comprising: 

heating a selected volume {V) of the coal formation from the heating mechanisms, 
wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least somemydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*(f v *p B 
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wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heatiWg rate is less than about 10 
°C/day. / 

25 1 2. The method of claim 2502, further comprising allowing the heat to transfer from 
the heating mechanisms to at least the portion of the formation substantially by 
conduction. / 

25 1 3. The method of claim 2502, further comprising providing heat from the heating 
mechanisms to at least the portion of the formation such that a thermal conductivity of at 
least the portion of the formation is greater than about 0.5 W/(m °C). 

25 14. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixtyre comprises condensable hydrocarbons having an 
API gravity of at least about 25°. / 

25 1 5. The method of claim 2502( further comprising producing a mixture from the 
formation, wherein the producea mixture comprises condensable hydrocarbons, and 
wherein about 0. 1 % by weigh/ to about 15 % by weight of the condensable hydrocarbons 
are olefins. / 

2516. The method of claipi 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio orethene to ethane in the non-condensable hydrocarbons ranges 
from about 0.001 to abbut 0.15. 

25 1 7. The method if claim 2502, further comprising producing a mixture from the 
formation, wherein Ahe produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. 
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25 1 8. The method of claim 2502, further comprising producing a/iixture from the 
formation, wherein the produced mixture comprises condensable/hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on anatomic basis, of the 
condensable hydrocarbons is oxygen. / 

2519. The method of claim 2502, further comprising c/roducing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. / 

2520. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to about 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen containing compounds comprise 
phenols. / 

2521. The method of claim 2502, Airther comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. / 

2522. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 3 % by weight of the condensable hydrocarbons comprises multi- 
ring aromatics with more than two rings. 

2523. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein trie produced mixture comprises condensable hydrocarbons, and 
wherein less than apout 0.3 % by weight of the condensable hydrocarbons are 
asphaltenes. / 
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2524. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to about 30 % by weight of the condensable hydrocarbons 
are cycloalkanes. / 

2525. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by volume of the nori-condensable component, and wherein the 
hydrogen is less than about 80 % by volume of the non-condensable component. 

2526. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 

2527. The method of claim 2502/further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. / 

2528. The method of claim 2502, further comprising controlling a pressure within at 
least a majority of a selected^ section of the formation, wherein the controlled pressure is 
at least about 2.0 bar absolute. 

2529. The method of claim 2528, wherein the partial pressure of H2 within the mixture 
is greater than about 0.5 bar. 

2530. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the partial pressure of H2 within the mixture is measured when the 
mixture is at a production well. 
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253 1 . The method of claim 2502, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

2532. The method of claim 2502, further comprising producing a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 
from the mixture into the formation. 

2533. The method of claim 2502, further compr 
providing hydrogen (H2) to the portion p hydrogenate hydrocarbons within the 

formation; and 

heating a portion of the formation wfth heat from hydrogenation. 

2534. The method of claim 2502, further comprising: 
producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of th^produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 



2535. The method of claim 2502, further comprising allowing heat to transfer from the 
heating mechanisms to a selected section of the formation to pyrolyze at least some 
hydrocarbons within the select/d section such that a permeability of a majority of a 
selected section of the formation increases to greater than about 100 millidarcy. 



2536. The method of claim 2502, further comprising allowing heat to transfer from the 
heating mechanisms to a selected section of the formation to pyrolyze at least some 
hydrocarbons within the/selected section such that a permeability of a majority of the 
selected section increases substantially uniformly. 



2537. The method of claim 2502, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 
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2538. The method of claim 2502, further comprising producing a mixture in a 
production well, and wherein at least about 7 heat sources ar^disposed in the formation 
for each production well. 

2539. The method of claim 2502, further comprising/forming a production well in the 
formation using magnetic tracking such that the production well is substantially parallel 
to the first wellbore and coupling a wellhead to the third wellbore. 

2540. The method of claim 2502, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unjlt of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 




2541 . The method of claim 2502, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2542. A method for installing a heater well into a coal formation, comprising: 
forming a bore in the ground using a steerable motor and an accelerometer; and 
providing a heating mechanism within the bore such that the heating mechanism 

can transfer heat to at lea^c a portion of the formation. 

2543. The method of dtaim 2542, further comprising installing at least two heater wells, 
and wherein superposition of heat from at least the two heater wells pyrolyzes at least 
some hydrocarbons within a selected section of the formation. 

2544. The method j>f claim 2542, further comprising maintaining a temperature within a 
selected section within a pyrolysis temperature range. 
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2545. The method of claim 2542, wherein the heating mechapism comprises an 
electrical heater. 

2546. The method of claim 2542, wherein the heating jftechanism comprises a surface 
5 burner. 

2547. The method of claim 2542, wherein the heating mechanism comprises a flameless 
distributed combustor. 

10 2548. The method of claim 2542, wherein ^4e heating mechanism comprises a natural 
distributed combustor. 



15 



2549. The method of claim 2542, further comprising controlling a pressure and a 
temperature within at least a majority of a selected section of the formation, wherein the 
pressure is controlled as a function of temperature, or the temperature is controlled as a 
function of pressure. 



o 



2550. The method of claim 2542, further comprising controlling the heat from the 
heating mechanism such that heat transferred from the heating mechanism to at least the 

20 portion of the formation is less than about 1 °C per day during pyrolysis. 

2551. The method of clainy 2542, further comprising: 

heating a selected volume ( V) of the coal formation from the heating mechanism, 
wherein the formation has/an average heat capacity (C v ), and wherein the heating 
25 pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
wherein heating energy/day provided to the volume is equal to or less than Pwr. 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v rp B 

wherein Pwr if the heating energy/day, A is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 

°C/day. 
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2552. The method of claim 2542, further comprising allowing the heat to transfer from 
the heating mechanism to at least the portion of the formation substantially by 
conduction. / 

2553. The method of claim 2542, further comprising providing heat from the heating 
mechanism to at least the portion of the formaticm such that a thermal conductivity of at 
least the portion of the formation is greater than about 0.5 W/(m °C). 

2554. The method of claim 2542, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons having an 
API gravity of at least about 25°. / 

2555. The method of claim 2542, funher comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 0. 1 % by weight to about 15 % by weight of the condensable hydrocarbons 
are olefins. / 

2556. The method of claim 2542, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons ranges 
from about 0.00 1 to about O/l 5. 

2557. The method of claim 2542, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about il % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. 

2558. The method of/claim 2542, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
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wherein less than about 1 % by weight, when calculated on ar/atomic basis, of the 
condensable hydrocarbons is oxygen. / 

2559. The method of claim 2542, further comprising Producing a mixture from the 
formation, wherein the produced mixture comprises/condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. / 

2560. The method of claim 2542, further comprising producing a mixture from the 
formation, wherein the produced mixture Comprises condensable hydrocarbons, wherein 
about 5 % by weight to about 30 % by Weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wnerein the oxygen containing compounds comprise 
phenols. / 

2561 . The method of claim 2542( further comprising producing a mixture from the 
formation, wherein the producecy mixture comprises condensable hydrocarbons, and 
wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. / 

2562. The method of claim 2542, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 51% by weight of the condensable hydrocarbons comprises multi- 
ring aromatics with more than two rings. 

2563. The method of/claim 2542, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weight of the condensable hydrocarbons are 
asphaltenes. / 

2564. The method of claim 2542, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
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wherein about 5 % by weight to about 30 % by weight of th/condensable hydrocarbons 
are cycloalkanes. 

2565. The method of claim 2542, further comprising producing a mixture from the 
formation, wherein the produced mixture comprise/a non-condensable component, 
wherein the non-condensable component compri/es hydrogen, wherein the hydrogen is 
greater than about 10 % by volume of the non-pondensabie component, and wherein the 
hydrogen is less than about 80 % by volume af the non-condensable component. 

2566. The method of claim 2542, further comprising producing a mixture from the 
formation, wherein the produced mixtu/e comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 

2567. The method of claim 2542/ further comprising producing a mixture from the 
formation, wherein the produced/mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. 

2568. The method of claim/2542, further comprising controlling a pressure within at 
least a majority of a selected section of the formation, wherein the controlled pressure is 
at least about 2.0 bar absolute. 

2569. The method of claim 2542, further comprising controlling formation conditions to 
produce a mixture from the formation, wherein a partial pressure of H2 within the mixture 
is greater than about 0.5 bar. 

2570. The methoa of claim 2569, wherein the partial pressure of H2 within the mixture 
is measured when/the mixture is at a production well. 

2571. The method of claim 2542, further comprising altering a pressure within the 
formation to inhabit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 
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2572. The method of claim 2542, further comprising/producing a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 
from the mixture into the formation. 

2573. The method of claim 2542, further comprising: 
providing hydrogen (H 2 ) to the at le^St the heated portion to hydrogenate 

hydrocarbons within the formation; and 

heating a portion of the formation with heat from hydrogenation. 

2574. The method of claim 2542, further comprising: 
producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion oy the produced condensable hydrocarbons with at least a 

portion of the produced hydrogei 1 

2575. The method of claim 2542, further comprising allowing heat to transfer from the 
heating mechanism to a selected section of the formation to pyrolyze at least some 
hydrocarbons within the selected section such that a permeability of a majority of a 
selected section of the formation increases to greater than about 100 millidarcy. 

2576. The method of claim 2542, further comprising allowing heat to transfer from the 
heating mechanism to a selected section of the formation to pyrolyze at least some 
hydrocarbons within the selected section such that a permeability of a majority of the 
selected section increases substantially uniformly. 

2577. The method/of claim 2542, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

2578. The methcid of claim 2542, further comprising producing a mixture in a 
production well, and wherein at least about 7 heating mechanisms are disposed in the 
formation for each production well. 
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2579. The method of claim 2542, further comprising prodding heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat s/urces, and wherein the unit of heat 
sources comprises a triangular pattern. 

2580. The method of claim 2542, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a uni/ of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, andAvherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

258 1 . A method for installing of wells in a coal formation, comprising: 
forming a wellbore in the formation by geosteered drilling; and 
providing a heating mechanism within the wellbore such that the heating 

mechanism can transfer heat to ay least a portion of the formation. 

2582. The method of claim 258 1, further comprising maintaining a temperature within a 
selected section within a pyrolysis temperature range. 

2583. The method of claiiji 258 1 , wherein the heating mechanism comprises an 
electrical heater. 

2584. The method of cjaim 258 1, wherein the heating mechanism comprises a surface 
burner. 

2585. The method o^ claim 258 1, wherein the heating mechanism comprises a flameless 
distributed combustor. 



2586. The method/of claim 258 1 , wherein the heating mechanism comprises a natural 
distributed combustor. 
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2587. The method of claim 258 1, further comprising controlling a pressure and a 
temperature within at least a majority of a selected section of the formation, wherein the 
pressure is controlled as a function of temperature, or tl/e temperature is controlled as a 
function of pressure. / 

2588. The method of claim 2581, further comprising controlling the heat from the 
heating mechanism such that heat transferred frefm the heating mechanism to at least the 
portion of the formation is less than about 1 °u per day during pyrolysis. 

2589. The method of claim 2581, further (/omprising: 

heating a selected volume (V) of the coal formation from the heating mechanism, 
wherein the formation has an average he4t capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day p/ovided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B I 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p 8 is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. / 

2590. The method of claim/258 1, further comprising allowing the heat to transfer from 
the heating mechanism to at least the portion of the formation substantially by 
conduction. / 

2591 . The method of claim 2581, further comprising providing heat from the heating 
mechanism to at least the portion of the formation such that a thermal conductivity of at 
least the portion of the formation is greater than about 0.5 W/(m °C). 
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2592. The method of claim 258 1 , further comprising producing/ mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons having an 
API gravity of at least about 25°. / 

2593. The method of claim 2581, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 0. 1 % by weight to about 15 % by weight of the condensable hydrocarbons 
are olefins. 

2594. The method of claim 2581, further coi 
formation, wherein the produced mixture con 
wherein a molar ratio of ethene to ethane in/tl 
from about 0.001 to about 0. 1 5. / 

2595. The method of claim 2581, fiirtner comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weigttt, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. 

2596. The method of claim 258 y, further comprising producing a mixture from the 
formation, wherein the produced/ mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by /weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. 

2597. The method of claim/258 1 , further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. 

2598. The method of claim 258 1 , further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 



arising producing a mixture from the 
Uprises non-condensable hydrocarbons, and 
le non-condensable hydrocarbons ranges 
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about 5 % by weight to about 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen containmg compounds comprise 
phenols. / [ 

2599. The method of claim 258 1 , further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than about 20 % by weight of the cond/nsable hydrocarbons are aromatic 
compounds. / 

2600. The method of claim 2581, further compris/ng producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 
ring aromatics with more than two rings. / 

260 1 . The method of claim 2581, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weight of the condensable hydrocarbons are 
asphaltenes. / 

2602. The method of claim 2581, further comprising producing a mixture from the 
formation, wherein the produced mijmire comprises condensable hydrocarbons, and 
wherein about 5 % by weight to about 30 % by weight of the condensable hydrocarbons 
are cycloalkanes. / 

2603. The method of claim 258/1 , further comprising producing a mixture from the 
formation, wherein the producer mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by volume of the non-condensable component, and wherein the 
hydrogen is less than about 80 % by volume of the non-condensable component. 
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2604. The method of claim 258 1, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and Wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. / 

2605. The method of claim 2581, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, And wherein the ammonia 
is used to produce fertilizer. / 

2606. The method of claim 258 1 , further comprising controlling a pressure within at 
least a majority of a selected section of the formation, wherein the controlled pressure is 
at least about 2.0 bar absolute. / 

2607. The method of claim 2581, further comprisingrcontrolling formation conditions to 
produce a mixture from the formation, wherein a paijtial pressure of H2 within the mixture 
is greater than about 0,5 bar. 

2608. The method of claim 2607, wherein the p; 
is measured when the mixture is at a production a 

2609. The method of claim 258 1 , further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. / 

26 1 0. The method of claim 2581, further comprising producing a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 
from the mixture into the formation. 

26 1 1 . The method of claim 258 1 , further comprising: 
providing hydrogen (H2) to at least the heated portion to hydrogenate 

hydrocarbons within the formation; and 

heating a portion of the formation with heat from hydrogenation. 



tial pressure of H2 within the mixture 
veil. 
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2612. The method of claim 2581, further comprising: 

producing hydrogen and condensable hydrocarbons fro4 the formation; and 
hydrogenating a portion of the produced condensable/hydrocarbons with at least a 

portion of the produced hydrogen. 



10 



26 1 3 . The method of claim 2581, further comprising Allowing heat to transfer from the 
heating mechanism to a selected section of the formanon to pyrolyze at least some 
hydrocarbons within the selected section such that d permeability of a majority of a 
selected section of the formation increases to greater than about 100 millidarcy. 



n 
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2614. The method of claim 2581, further comprising allowing heat to transfer from the 
heating mechanism to a selected section of the formation to pyrolyze at least some 
hydrocarbons within the selected section suph that a permeability of a majority of the 
selected section increases substantially uniformly. 



2615. The method of claim 2581, furtMer comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

20 2616. The method of claim 2581, further comprising producing a mixture in a 

production well, and wherein at least about 7 heat sources are disposed in the formation 
for each production well. 

26 1 7. The method of claim 258 1 , further comprising providing heat from three or more 
25 heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

26 1 8. The method of claim 2581, further comprising providing heat from three or more 
30 heat sources to at least apportion of the formation, wherein three or more of the heat 

sources are located in th'e formation in a unit of heat sources, wherein the unit of heat 
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sources comprises a triangular pattern, and wherein a plurality of the/nits are repeated 
over an area of the formation to form a repetitive pattern of units. 

26 1 9. A method of treating a coal formation in situ, comprising: 
heating a selected section of the formation with a heating element placed within a 

wellbore, wherein at least one end of the heating element/is free to move axially within 
the wellbore to allow for thermal expansion of the heating element. 

2620. The method of claim 26 1 9, further comprising at least two heating elements 
within at least two wellbores, and wherein superposition of heat from at least the two 
heating elements pyrolyzes at least some hydrocarbons within a selected section of the 
formation. 

262 1 . The method of claim 26 1 9, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

2622. The method of claim 26 19, ^herein the heating element comprises a pipe-in-pipe 
heater. 

2623. The method of claim 26^9, wherein the heating element comprises a flame less 
distributed combustor. 

2624. The method of claim/ 26 1 9, wherein the heating element comprises a mineral 
insulated cable coupled to ^support, and wherein the support is free to move within the 
wellbore. 

2625. The method of claim 2619, wherein the heating element comprises a mineral 
insulated cable suspended from a wellhead. 

2626. The method of claim 26 1 9, further comprising controlling a pressure and a 
temperature within at least a majority of a heated section of the formation, wherein the 
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pressure is controlled as a function of temperature, or the t^perature is controlled as a 
function of pressure. 

2627. The method of claim 261 9, further comprising controlling the heat such that an 
5 average heating rate of the heated section is less thah about 1 °C per day during pyrolysis. 



in 
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2628. The method of claim 2619, wherein heaj/ng the section of the formation further 
comprises: 

heating a selected volume (V) of the cfoal formation from the heating element, 
wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons witMin the selected volume of the formation; and 
wherein heating energy/day prov/ded to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equatjon: 
j Pwr = h*V*C v *p B 

Q 1 5 wherein Pwr is the heating erfergy/day, h is an average heating rate of the 

formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. ' 

2629. The method of claim 26/9, wherein heating the section of the formation 
20 comprises transferring heat substantially by conduction. 



rii 
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2630. The method of claim/2619, further comprising heating the selected section of the 
formation such that a thermal conductivity of the selected section is greater than about 
0.5 W/(m °C). 

263 1 . The method of claim 26 1 9, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons having an 
API gravity of at least dbout 25°. 



30 2632. The method of claim 26 1 9, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
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wherein about 0.1 % by weight to about 15 % by weight of the condensable hydrocarbons 
are olefins. 

2633. The method of claim 2619, further comprising producing admixture from the 
formation, wherein the produced mixture comprises non-condeiysable hydrocarbons, and 
wherein a molar ratio of ethene to ethane in the non-condensatyle hydrocarbons ranges 
from about 0.001 to about 0.15. 
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2634. The method of claim 2619, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculate^ on an atomic basis, of the 
condensable hydrocarbons is nitrogen. 

2635. The method of claim 2619, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. 



2636. The method of claim 2619, further comprising producing a mixture from the 
20 formation, wherein the produced mixture comprises condensable hydrocarbons, and 

wherein less than about 1 % by weight, wpen calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. 

2637. The method of claim 2619, further comprising producing a mixture from the 
25 formation, wherein the produced mixtjhre comprises condensable hydrocarbons, wherein 

about 5 % by weight to about 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and ^wherein the oxygen containing compounds comprise 
phenols. 



30 2638. The method of claim 261 9, further comprising producing a mixture from the 
formation, wherein the produced/mixture comprises condensable hydrocarbons, and 
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wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. 

2639. The method of claim 261 9, further comprising producing a rcfixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 
ring aromatics with more than two rings. 



2640. The method of claim 2619, further comprising producing a mixture from the 
10 formation, wherein the produced mixture comprises condensable hydrocarbons, and 

wherein less than about 0.3 % by weight of the conderysable hydrocarbons are 
asphaltenes. 

264 1 . The method of claim 26 1 9, further comprising producing a mixture from the 
1 5 formation, wherein the produced mixture comprises condensable hydrocarbons, and 

wherein about 5 % by weight to about 30 % by weight of the condensable hydrocarbons 
are cycloalkanes. 



2642. The method of claim 2619, further/comprising producing a mixture from the 
20 formation, wherein the produced mixture comprises a non-condensable component, 

wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 1 0 % by volume oy the non-condensable component, and wherein the 
hydrogen is less than about 80 % by/volume of the non-condensable component. 



25 2643. The method of claim 261 y, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 



2644. The method of claim/261 9, further comprising producing a mixture from the 
30 formation, wherein the produced mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilize 
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2645 . The method of claim 26 1 9, further comprising controlling a pressure within the 
selected section of the formation, wherein the controlled pressure^ at least about 2.0 bar 
absolute. 

5 

2646. The method of claim 261 9, further comprising contf oiling formation conditions to 
produce a mixture from the formation, wherein a partialypressure of H 2 within the mixture 
is greater than about 0.5 bar. 

1 0 2647. The method of claim 2647, wherein the partial pressure of H 2 within the mixture 
is measured when the mixture is at a production well. 
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2648. The method of claim 26 1 9, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

2649. The method of claim 261 9, furtHer comprising producing a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 
from the mixture into the formation 

2650. The method of claim 2619, further comprising: 
providing hydrogen (H 2 yto the heated section to hydrogenate hydrocarbons 

within the heated section; and , 

heating a portion of the section with heat from hydrogenation. 

265 1 . The method of claim 26 1 9, further comprising: 

producing hydrogp and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the producecyhydrogen. 



30 
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2652. The method of claim 261 9, wherein heating comprises increasing a permeability 
of a majority of the heated section to greater than about 100 millidarcy. 

2653. The method of claim 2619, wherein heating comprises Substantially uniformly 
5 increasing a permeability of a majority of the heated section/ 

2654. The method of claim 2619, wherein the heating is^ controlled to yield greater than 
about 60 % by weight of condensable hydrocarbons, admeasured by Fischer Assay. 



U3 



10 2655. The method of claim 2619. further comprising producing a mixture in a 

production well, and wherein at least about 7 heatysources are disposed in the formation 
for each production well. 



2656. The method of claim 26 1 9, further comprising providing heat from three or more 
O 1 5 heat sources to at least a portion of the formation, wherein three or more of the heat 
£^ sources are located in the formation in a ui/it of heat sources, and wherein the unit of heat 

|L sources comprises a triangular pattern. 



ru 
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2657. The method of claim 261 9, fucfher comprising providing heat from three or more 
heat sources to at least a portion of tMe formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation toytorm a repetitive pattern of units. 



25 2658. A method of treating a coal formation in situ, comprising: 

providing heat from/one or more heat sources to at least a portion of the 
formation; 

allowing the heatAo transfer from the one or more heat sources to a selected 
section of the formation? and 
30 producing a mixture from the formation through a production well, wherein the 

production well is located such that a majority of the mixture produced from the 
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formation comprises non-condensable hydrocarbons and a rpn-condensable component 
comprising hydrogen. 

2659. The method of claim 2658, wherein the one or more heat sources comprise at 
5 least two heat sources, and wherein superposition of fyeat from at least the two heat 

sources pyrolyzes at least some hydrocarbons withiiythe selected section of the 
formation. 

2660. The method of claim 2658, further comprising maintaining a temperature within 
10 the selected section within a pyrolysis temperature range. 

D 2661 . The method of claim 2658, wherein/the production well is less than 

yj / 

m approximately 6 m from a heat source of tne one or more heat sources. 

M, 

□ 15 2662. The method of claim 2658, whdrein the production well is less than 
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approximately 3 m from a heat source of the one or more heat sources. 

2663. The method of claim 2658,/wherein the production well is less than 
approximately 1.5 m from a heat source of the one or more heat sources. 

2664. The method of claim 2058, wherein an additional heat source is positioned within 
a wellbore of the production well. 



2665. The method of clairji 2658, wherein the one or more heat sources comprise 
25 electrical heaters. 

2666. The method of c/aim 2658, wherein the one or more heat sources comprise 
surface burners. 

30 2667. The method ot claim 2658, wherein the one or more heat sources comprise 
flameless distributeqcombustors. 
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2668. The method of claim 2658, wherein the one or more heat sources comprise natural 
distributed combustors. 

5 2669. The method of claim 2658, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, </x the temperature is controlled as 
a function of pressure. 

10 2670. The method of claim 2658, further comprising controlling the heat such that an 
average heating rate of the selected section is lesfe than about 1 °C per day during . 
Q pyrolysis. j 

i / 

4 s 267 1 . The method of claim 2658, wherein/providing heat from the one or more heat 

M* / 

B 15 sources to at least the portion of formation comprises: 

*\ heating a selected volume (V) oflhe coal formation from the one or more heat 

sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons/within the selected volume of the formation; and 
wherein heating energy/day provided to the volume is equal to or less than Pwr, 
p 20 wherein Pwr is calculated by the equation: 
& Pwr = h*V*C v *p B I 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bully density, and wherein the heating rate is less than about 10 
°C/day. 



p 



25 



2672. The method of claini 2658, wherein allowing the heat to transfer from the one or 
more heat sources to the sheeted section comprises transferring heat substantially by 
conduction. 
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2673. The method of claim 2658, wherein providing heat fronvthe one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

2674. The method of claim 2658, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about/25 0 . 

2675. The method of claim 2658, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weignt to about 15 % by weight of the 
condensable hydrocarbons are olefins. / 

2676. The method of claim 2658, wherein/a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from al/out 0.001 to about 0.15. 

2677. The method of claim 2658, whprein the produced mixture comprises condensable 
hydrocarbons, and wherein less than About 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

2678. The method of claim 2658, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

2679. The method of claim 2658, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

2680. The method of claim 2658, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 
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2681 . The method of claim 2658, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

5 2682. The method of claim 2658, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

2683. The method of claim 2658, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein less than about 0.3/% by weight of the condensable 
hydrocarbons are asphaltenes. 



/ 

hydrocarbons, and wherein about 5 % b)/weight to about 30 % by weight of the 
^ 15 condensable hydrocarbons are cycloalkanes. 



□ 



2684. The method of claim 2658, wherein the produced mixture comprises condensable 

/ 



/ 

2685. The method of claim 2658, wherein the produced mixture comprises a 



non- 



condensable component, wherein non-condensable component comprises hydrogen, 
rU wherein the hydrogen is greater th^n about 10 % by volume of the non-condensable 

20 component, and wherein the hydrogen is less than about 80 % by volume of the non- 
H 3 condensable component. / 

/ 

2686. The method of claim 2658, wherein the produced mixture comprises ammonia, 
and wherein greater than ab/ut 0.05 % by weight of the produced mixture is ammonia. 

25 

2687. The method of claim 2658, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

2688. The method of/claim 2658, further comprising controlling a pressure within at 
30 least a majority of they selected section of the formation, wherein the controlled pressure 

is at least about 2.0 bar absolute. 
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2689. The method of claim 2658, further comprising controllin&'formation conditions to 
produce the mixture, wherein a partial pressure of H2 within th^/mixture is greater than 
about 0.5 bar. 

5 

2690. The method of claim 2689, wherein the partial pr^sure of H2 within the mixture 
is measured when the mixture is at a production well. 

2691 . The method of claim 2658, further comprising altering a pressure within the 
10 formation to inhibit production of hydrocarbons f/om the formation having carbon 

numbers greater than about 25. 



S 15 



O 20 
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2692. The method of claim 2658, further comprising controlling formation conditions 
by recirculating a portion of the hydrogen from the mixture into the formation. 

2693. The method of claim 2658, furtMer comprising: 
providing hydrogen (H 2 ) to th^ heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the sec/ion with heat from hydrogenation. 

2694. The method of claim 2658, further comprising: 
producing condensable/hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 

2695. The method of claim 2658, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 



30 2696. The method of claim 2658, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 
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2697. The method of claim 265 8, further comprising controlling the he&t to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured/by Fischer Assay. 

2698. The method of claim 2658, wherein producing the mixture/comprises producing 
the mixture in a production well, and wherein at least about 7 hem sources are disposed in 
the formation for each production well. 



2699. The method of claim 2658, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

/ 
/ 
/ 

2700. The method of claim 2658, further comprising providing heat from three or more 
heat sources to at least a portion of the formation', wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2701 . A method of treating a coal formation in situ, comprising: 

providing heat to at least a portion of the formation from one or more first heat 
sources placed within a pattern in the fbrmation; 

allowing the heat to transfer fj4m the one or more first heat sources to a first 
section of the formation; / 

heating a second section of/the formation with at least one second heat source, 
wherein the second section is located within the first section, and wherein at least the one 
second heat source is configurecyto raise an average temperature of a portion of the 
second section to a higher temperature than an average temperature of the first section; 
and 

producing a mixture from the formation through a production well positioned 
within the second section, wherein a majority of the produced mixture comprises non- 
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condensable hydrocarbons and a non-condensable component composing H2 
components. 

2702. The method of claim 2701, wherein the one or more fir^t heat sources comprise at 
5 least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the fi/st section of the formation. 



10 



2703. The method of claim 2701, further comprising jnaintaining a temperature within 
the first section within a pyrolysis temperature range.y 

2704. The method of claim 2701, wherein at least the one heat source comprises a 
heater element positioned within the production well. 



B 

Q 



2705. The method of claim 2701, wherein ay least the one second heat source comprises 



O 15 an electrical heater. 

ffl 



2706. The method of claim 2701, wherqin at least the one second heat source comprises 
a surface burner. 



Q 20 2707.* The method of claim 2701 , wherein at least the one second heat source comprises 
f* a flameless disputed combusto, 



25 



2708. The method of claim 270 /, wherein at least the one second heat source comprises 
a natural distributed combustorj 

2709. The method of claim 2tf01, further comprising controlling a pressure and a 
temperature within at least a majority of the first or the second section of the formation, 
wherein the pressure is controlled as a function of temperature, or the temperature is 
controlled as a function of cfressure. 



30 
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2710. The method of claim 2701, further comprising controlling/the heat such that an 
average heating rate of the first section is less than about 1 °C p» day during pyrolysis. 

271 1 . The method of claim 2701 , wherein providing heat to the formation further 
comprises: / 

heating a selected volume (V) of the from the one or more first heat sources, 
wherein the formation has an average heat capacity (ff v ). and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: / 

Pwr = h*V*C v *p B I 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. / 

2712. The method of claim 2701 , wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

2713. The method of claim 2701,ywherein providing heat from the one or more first heat 
sources comprises heating the first section such that a thermal conductivity of at least a 
portion of the first section is greater than about 0.5 W/(m °C). 

2714. The method of claim 2/701 5 wherein the produced mixture comprises condensable 
hydrocarbons having an APIygravity of at least about 25°. 

2715. The method of claim 2701, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

2716. The method of claim 2701, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 
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2717. The method of claim 2701, wherein the produced mixturexomprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, whj^n calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

5 

2718. The method of claim 2701, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by yeight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen/ 

10 2719. The method of claim 2701, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about Y% by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is/sulfur. 

2720. The method of claim 2701, whprein the produced mixture comprises condensable 
15 hydrocarbons, wherein about 5 % by/weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise rftienols. 



ry 



2721. The method of claim 2701, wherein the produced mixture comprises condensable 
£3 20 hydrocarbons, and wherein g/eater than about 20 % by weight of the condensable 

hydrocarbons are aromatic compounds. 

2722. The method of claim 2701, wherein the produced mixture comprises condensable 
hydrocarbons, and whei/ein less than about 5 % by weight of the condensable 

25 hydrocarbons comprises multi-ring aromatics with more than two rings. 

2723. The methodyof claim 2701, wherein the produced mixture comprises condensable 
hydrocarbons, andAvherein less than about 0.3 % by weight of the condensable 
hydrocarbons are/asphaltenes. 

30 
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2724. The method of claim 2701, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 f/o by weight of the 
condensable hydrocarbons are cycloalkanes. 



10 



2725. The method of claim 270 1 , wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less thai/ about 80 % by volume of the non- 
condensable component. 

2726. The method of claim 270 1 , wherein tifie produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



Q 



2727. The method of claim 270 1 , wherein the produced mixture comprises ammonia, 
15 and wherein the ammonia is used to prpduce fertilizer. 

2728. The method of claim 270 1 , farther comprising controlling a pressure within at 
least a majority of the first or the sefcond section of the formation, wherein the controlled 
pressure is at least'about 2.0 bar absolute. 

20 

2729. The method of claim 270 1 , further comprising controlling formation conditions to 
produce the mixture, wherein a/partial pressure of H2 within the mixture is greater than 
about 0.5 bar. 

25 2730. The method of claim/2729, wherein the partial pressure of H 2 within the mixture 
is measured when the mixture is at a production well. 



30 



273 1 . The method of clapi 270 1 , further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than ab©ut 25. 
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2732. The method of claim 2701 ? further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

2733. The method of claim 2701, further comprising: 
providing hydrogen (H2) to the first or second section to hydrogenate 

hydrocarbons within the first or second section, respectively; and 

heating a portion of the first or second section, Respectively, with heat from 
hydrogenation. 



y3 



1 0 2734. The method of claim 2701, further comprising: 

producing condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced ^condensable hydrocarbons with at least a 
portion of the produced hydrogen. 



O 



1 5 2735. The method of claim 270 1 , wherein allowing the heat to transfer comprises 

increasing a permeability of a majority of tljfe first or second section to greater than about 
100 miliidarcy. 



! S 2736. The method of claim 2701, wherein allowing the heat to transfer comprises 

O 20 substantially uniformly increasing a pejmeability of a majority of the first or second 
section. 

2737. The method of claim 2701, ^herein heating the first or the second section is 
controlled to yield greater than abopt 60 % by weight of condensable hydrocarbons, as 
25 measured by Fischer Assay. 



2738. The method of claim 2701, wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



30 2739. The method of claim 27C 
heat sources to at least a portion 



1, further comprising providing heat from three or more 
of the formation, wherein three or more of the heat 
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sources are located in the formation in a unit of heat sources, anp wherein the unit of heat 
sources comprises a triangular pattern. 

2740. The method of claim 2701 , further comprising providing heat from three or more 
5 heat sources to at least a portion of the formation, wherean three or more of the heat 
sources are located in the formation in a unit of heat spurces, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive Pattern of units. 

10 2741 . A method of treating a coal formation in situ, comprising: 

providing heat into the formation from a plurality of heat sources placed in a 
pattern within the formation, wherein a spaing between heat sources is greater than 
about 6 m; 

allowing the heat to transfer fron/the plurality of heat sources to a selected 
1 5 section of the formation; 

producing a mixture from the formation from a plurality of production wells, 
wherein the plurality of production wells are positioned within the pattern, and wherein a 
spacing between production wells is greater than about 12 m. 



pi 



U 20 2742." The method of claim 2741, wherein superposition of heat from the plurality of 
heat sources pyrolyzes at least spme hydrocarbons within the selected section of the 
formation. 

2743. The method of claim£741 , further comprising maintaining a temperature within 
25 the selected section within a pyrolysis temperature range. 

2744. The method of cla/m 2741 , wherein the plurality of heat sources comprises 
electrical heaters. 



30 2745. The method of cpim 2741 , wherein the plurality of heat sources comprises 
surface burners. 
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2746. The method of claim 274 1 , wherein the plurality of t^eat sources comprises 
flameless distributed combustors. 

5 2747. The method of claim 274 1 , wherein the plurali}# of heat sources comprises 
natural distributed combustors. 



10 



2748. The method of claim 274 1 , further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of tenjperature, or the temperature is controlled as 
a function of pressure. 



O 
01 



£0 2749. The method of claim 274 1 , further comprising controlling the heat such that an 

!v average heating rate of the selected section is less than about 1 °C per day during 

P 15 pyrolysis. 

2750. The method of claim 274^ wherein providing heat from the plurality of heat 
comprises: 

heating a selected volume (V) of the coal formation from the plurality of heat 
20 sources, wherein the formation has an average heat capacity (C v ) ? and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculatecy by the equation: 
Pwr = h*V*C v * 

25 wherein Pwr is iftie heating energy/day, h is an average heating rate of the 

formation, p B is formation bulk density, and wherein the heating rate is less than about 10 

°C/day. 



2751. The method/of claim 274 1 , wherein allowing the heat to transfer comprises 
30 transferring heat substantially by conduction. 
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2752. The method of claim 2741, wherein providing heat comprises heating the selected 

7 ! 

formation such that a thermal conductivity of at least a portioi/of the selected section is 
greater than about 0.5 W/(m °C). 

5 2753 . The method of claim 274 1 , wherein the producecj/mixture comprises condensable 
hydrocarbons having an API gravity of at least about 



10 



2754. The method of claim 2741 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weigl)* to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



O 
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2755. The method of claim 2741 , wherein me produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

2756. The method of claim 2741, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less tharyabout 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

2757. The method of claim 2741 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hyd/ocarbons is oxygen. 



2758. The method of claim 2741, wherein the produced mixture comprises condensable 
25 hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



30 



2759. The method of£laim 2741 , wherein the produced mixture comprises condensable 
hydrocarbons, wherei/i about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 
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2760. The method of claim 2741, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

5 

2761 . The method of claim 274 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics withyinore than two rings. 

10 2762. The method of claim 274 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 //o by weight of the condensable 
Q hydrocarbons are asphaltenes. 



m 



2763. The method of claim 2741, wherein the produced mixture comprises condensable 
15 hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



j~ 2764. The method of claim 274 1 , wherein the produced mixture comprises a non- 

condensable component, wherein the Aon-condensable. component comprises hydrogen, 

p 20 wherein the hydrogen is greater tharyabout 1 0 % by volume of the non-condensable 

L 5 - / 

component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

2765. The method of claim 2741, wherein the produced mixture comprises ammonia, 
25 and wherein greater than about 0105 % by weight of the produced mixture is ammonia. 

2766. The method of claim 27ftl , wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 
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2767. The method of claim 2741 , farther comprising controlling a pressure within at 
least a majority of the selected section of the formation, where/n the controlled pressure 
is at least about 2.0 bar absolute. / 

2768. The method of claim 2741 , further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. / 

2769. The method of claim 2768, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 

2770. The method of claim 2741 , further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. / 

2771 . The method of claim 2741 , further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

2772. The method of claim 2741 , further comprising: 

providing hydrogen (H2) to the selected section to hydrogenate hydrocarbons 
within the selected section; and / 

heating a portion of the selected section with heat from hydrogenation. 

2773 . The method of claim 274fl , further comprising: 

producing hydrogen ancy condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 

2774. The method of claim C741 5 wherein allowing the heat to transfer comprises 
increasing a permeability of Ja majority of the selected section to greater than about 100 
millidarcy. / 
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2775. The method of claim 2741, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of^he selected section. 

2776. The method of claim 2741, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as/measured by Fischer Assay. 

2777. The method of claim 2741, wherein at least aboyt 7 heat sources are disposed in 
the formation for each production well. 

2778. The method of claim 2741, further comprising providing heat from three or more 
heat sources to at least a portion of the formation/ wherein three or more of the heat 
sources are located in the formation in a unit o0ieat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

2779. The method of claim 2741, furtheryComprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in 4 unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern/and wherein a plurality of the units are repeated 
over hn area of the formation to fornya repetitive pattern of units. 



2780. A system configured to hedt a coal formation, comprising: 

a heater disposed in an opening in the formation, wherein the heater is configured 
to provide heat to at least a portion of the formation during use; 

an oxidizing fluid source; 

a conduit disposed in the opening, wherein the conduit is configured to provide an 
oxidizing fluid from the oxidizing fluid source to a reaction zone in the formation during 
use, and wherein the oxidizing fluid is selected to oxidize at least some hydrocarbons at 
the reaction zone during use such that heat is generated at the reaction zone; and 

wherein the system is configured to allow heat to transfer substantially by 
conduction from the reaction zone to a pyrolysis zone of the formation during use. 
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2781. The system of claim 2780, wherein the oxidizing fluid is configured to generate 
heat in the reaction zone such that the oxidizing fluid is transported through the reaction 
zone substantially by diffusion. 

5 

2782. The system of claim 2780, wherein the conduit Comprises orifices, and wherein 
the orifices are configured to provide the oxidizing flind into the opening. 

2783. The system of claim 2780, wherein the conduit comprises critical flow orifices, 
10 and wherein the critical flow orifices are configm-ed to control a flow of the oxidizing 

fluid such that a rate of oxidation in the formation is controlled. 



y e 
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2784. The system of claim 2780, wherein me conduit is further configured to be cooled 
with the oxidizing fluid such that the conduit is not substantially heated by oxidation. 

2785. The system of claim 2780, wherein the conduit is further configured to remove an 
oxidation product. 



RJ 2786. The system of claim 2780, Xvherein the conduit is further configured to remove an 

p 20 oxidation product such that the oxidation product transfers substantial heat to the 
^ oxidizing fluid. 



25 



2787. The system of claim 2:780, wherein the conduit is further configured to remove an 
oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit is 
approximately equal to a flow rate of the oxidation product in the conduit. 



30 



2788. The system of claim 2780, wherein the conduit is further configured to remove an 
oxidation product, and wherein a pressure of the oxidizing fluid in the conduit and a 
pressure of the oxidation product in the cpnduit are controlled to reduce contamination of 
the oxidation product/by the oxidizing fluid. 
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2789. The system of claim 2780, wherein the conduit is further configured to remove an 
oxidation product, and wherein the oxidation product is substantially inhibited from 
flowing into portions of the formation beyond the reaction zone Y 

2790. The system of claim 2780, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 

2791 . The system of claim 2780, further comprisim/a center conduit disposed within 
the conduit, wherein the center conduit is configured to provide the oxidizing fluid into 
the opening during use. and wherein the conduit is further configured to remove an 
oxidation product during use. / 

2792. The system of claim 2780, whereinyftie portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

2793. The system of claim 2780, further comprising a conductor disposed in a second 
conduit, wherein the second conduit/is disposed within the opening, and wherein the 
conductor is configured to heat at least a portion of the formation during application of an 
electrical current to the conducto/ 

2794. The system of claim 2780, further comprising an insulated conductor disposed 
within the opening, wherein pe insulated conductor is configured to heat at least a 
portion of the formation during application of an electrical current to the insulated 
conductor. / 

2795. The system of claim 2780, further comprising at least one elongated member 
disposed within the opening, wherein the at least the one elongated member is configured 
to heat at least a portion of the formation during application of an electrical current to the 
at least the one elongated member. 
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2796. The system of claim 2780, further comprising a heat exchanger disposed external 
to the formation, wherein the heat exchanger is configured to heat the oxidizing fluid, 
wherein the conduit is further configured to provide the heated oxidizing fluid into the 
opening during use, and wherein the heated oxidizing fluid is configured to heat at least a 

5 portion of the formation during use. / 

2797. The system of claim 2780, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in art overburden of the 
formation. / 

10 / 

2798. The system of claim 2780, further comprisinf/an overburden casing coupled to 
q the opening, wherein the overburden casing is disposed in an overburden of the 

^ formation, and wherein the overburden casing comprises steel. 

m J 

~ 15 2799. The system of claim 2780, further comprising an overburden casing coupled to 
01 the opening, wherein the overburden casing is disposed in an overburden of the 

$?£ / 

3 formation, and wherein the overburden casing is further disposed in cement. 

brther comprising an overburden casing coupled to 
;erial is disposed at a junction of the overburden 

2801 . The system of claim 2^80, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 

25 formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configured to substantially inhibit a 
flow of fluid between the opening and the overburden casing during use. 

2802. The system of claim 2780, further comprising an overburden casing coupled to 
30 the opening, wherein the overburden casing is disposed in an overburden of the 



2800. The system- of claim 2780, 
20 the opening, wherein a packing m^ 
casing and the opening. 
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formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

2803. The system of claim 2780, wherein the system is further configured such that 
5 transferred heat can pyrolyze at least some hydrocarbons in the pyrolysis zone. 



2804. A system configurable to heat a coal formation, comprising: 

a heater configurable to be disposed in an opening/in the formation, wherein the 
heater is further configurable to provide heat to at least /portion of the formation during 
10 use; / 

a conduit configurable to be disposed in the/opening, wherein the conduit is 
□ configurable to provide an oxidizing fluid from an oxidizing fluid source to a reaction 

2S zone in the formation during use, and wherein the system is configurable to allow the 

JS oxidizing fluid to oxidize at least some hydrocarbons at the reaction zone during use such 

p 15 that heat is generated at the reaction zone; and 

^* wherein the system is further cormgurable to allow heat to transfer substantially 

6 by conduction from the reaction zone t<ya pyrolysis zone of the formation during use. 

vynerein the oxidizing fluid is configurable to generate 
:he oxidizing fluid is transported through the reaction 

2806. The system of claim 2&04, wherein the conduit comprises orifices, and wherein 
the orifices are configurable/to provide the oxidizing fluid into the opening. 

2807. The system of claim 2804, wherein the conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configurable to control a flow of the oxidizing 
fluid such that a rate ouoxidation in the formation is controlled. 



Q 

Li 



2805. The system of claim 2804, 
20 heat in the reaction zone such that; 
zone substantially by diffusion. 
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2808. The system of claim 2804, wherein the conduit is further configurable to be 
cooled with the oxidizing fluid such that the conduit is not substantially Ideated by 
oxidation. / / 

2809. The system of claim 2804, wherein the conduit is further/configurable to remove 
an oxidation product. / 

2810. The system of claim 2804, wherein the conduit isiurther configurable to remove 
an oxidation product, such that the oxidation product transfers heat to the oxidizing fluid. 

281 1 . The system of claim 2804, wherein the conduit is further configurable to remove 
an oxidation product, and wherein a flow rate ofirhe oxidizing fluid in the conduit is 
approximately equal to a flow rate of the oxidation product in the conduit. 

2812. The system of claim 2804, wherein the conduit is further configurable to remove 
an oxidation product, and wherein a pressure of the oxidizing fluid in the conduit and a 
pressure of the oxidation product in the conduit are controlled to reduce contamination of 
the oxidation product by the oxidizing fluid. 

2813. • The system of claim 280*1 , wherein the conduit is further configurable to remove 
an oxidation product, and wherein the oxidation product is substantially inhibited from 
flowing into portions of the formation beyond the reaction zone. 

2814. The system of claim 2804, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 

28 15. The system c/f claim 2804, further comprising a center conduit disposed within 
the conduit, where/n center conduit is configurable to provide the oxidizing fluid into the 
opening during use, and wherein the conduit is further configurable to remove an 
oxidation producft during use. 
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2816. The system of claim 2804, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

28 17. The system of claim 2804, further comprising a conductor disposed in a second 
5 conduit, wherein the second conduit is disposed within the opening, and wherein the 

conductor is configurable to heat at least a portion of tjie formation during application of 
an electrical current to the conductor. 

2818. The system of claim 2804, further composing an insulated conductor disposed 
10 within the opening, wherein the insulated conductor is configurable to heat at least a 

portion of the formation during applicatioiyof an electrical current to the insulated 
conductor. 



Q 15 
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2819. The system of claim 2804, further comprising at least one elongated member 
disposed within the opening, wherein the at least the one elongated member is 
configurable to heat at least a portion of the formation during application of an electrical 
current to the at least the one elongated member. 



^ 2820. The system of clainv2804, further comprising a heat exchanger disposed external 

p ,20 to the formation, wherein /he heat exchanger is configurable to heat the oxidizing fluid, 
wherein the conduit is farther configurable to provide the heated oxidizing fluid into the 
opening during use, anfl wherein the heated oxidizing fluid is configurable to heat at least 
a portion of the formation during use. 

25 282 1 . The system of claim 2804, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 



2822. The system of claim 2804, further comprising an overburden casing coupled to 
30 the opening/ wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 
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2823. The system of claim 2804, further comprising an overburden/casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

2824. The system of claim 2804, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. / 

2825. The system of claim 2804, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configurable to substantially inhibit 
a flow of fluid between the opening and the overburden casing during use. 

2826. The system of claim 2804, furthe/ comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

2827. The system of claim wherein the system is further configurable such that 
transferred heat can pyrolyze ayleast some hydrocarbons in the pyrolysis zone. 

2828. An in situ method foyheating a coal formation, comprising: 

heating a portion of Ahe formation to a temperature sufficient to support reaction 
of hydrocarbons within the portion of the formation with an oxidizing fluid; 

providing the oxidizing fluid to a reaction zone in the formation; 

allowing the oxidizing fluid to react with at least a portion of the hydrocarbons at 
the reaction zone to generate heat at the reaction zone; and 

transferring tne generated heat substantially by conduction from the reaction zone 
to a pyrolysis zone in the formation. 



619 



Conley, Rose & Tayon, P C. 



2829. The method of claim 2828, further comprising transporting }he oxidizing fluid 
through the reaction zone by diffusion. 

2830. The method of claim 2828. further comprising directing at least a portion of the 
oxidizing fluid into the opening through orifices of a conduit disposed in the opening. 



10 



283 1 . The method of claim 2828, further comprising controlling a flow of the oxidizing 
fluid with critical flow orifices of a conduit disposed p the opening such that a rate of 
oxidation is controlled. 



P 15 



2832. The method of claim 2828, further comprising increasing a flow of the oxidizing 
fluid in the opening to accommodate an increase in a volume of the reaction zone such 
that a rate of oxidation is substantially constant over time within the reaction zone. 

2833. The method of claim 2828, wherein a conduit is disposed in the opening, the 
method further comprising cooling the/conduit with the oxidizing fluid to reduce heating 
of the conduit by oxidation. 



O 20 2834. The method of claim 2828; wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit. 

2835. The method of clain/( 2828, wherein a conduit is disposed within the opening, the 
25 method further comprising removing an oxidation product from the formation through 

the conduit and transfen/ng heat from the oxidation product in the conduit to oxidizing 
fluid in the conduit. 

2836. The method of claim 2828, wherein a conduit is disposed within the opening, the 
30 method further comprising removing an oxidation product from the formation through 
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the conduit, wherein a flow rate of the oxidizing fluid in the conduit is approximately 
equal to a flow rate of the oxidation product in the conduit. / 

2837. The method of claim 2828, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from/the formation through 
the conduit and controlling a pressure between the oxidizing fluid and the oxidation 
product in the conduit to reduce contamination of the oxidation product by the oxidizing 
fluid. / 

2838. The method of claim 2828, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and substantially inhibiting the oxidatfon product from flowing into portions 
of the formation beyond the reaction zone. / 

2839. The method of claim 2828, further comprising substantially inhibiting the 
oxidizing fluid from flowing into portions/of the formation beyond the reaction zone. 

2840. The method of claim 2828, wherein a center conduit is disposed within an outer 
conduit, and wherein the outer conduit is disposed within the opening, the method further 
comprising providing the oxidizing fluid into the opening through the center conduit and 
removing an oxidation product tpough the outer conduit. 

2841 . The method of claim 2:828, wherein the portion of the formation extends radially 
from the opening a width ofiless than approximately 0.2 m, 

2842. The method of claim 2828, wherein heating the portion comprises applying 
electrical current to a conductor disposed in a conduit, wherein the conduit is disposed 
within the opening. / 

2843. The method of claim 2828, wherein heating the portion comprises applying 
electrical current to [an insulated conductor disposed within the opening. 
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2844. The method of claim 2828, wherein heating the portion/comprises applying 
electrical current to at least one elongated member disposed within the opening. 

5 2845. The method of claim 2828. wherein heating the portion comprises heating the 
oxidizing fluid in a heat exchanger disposed external to'the formation such that providing 
the oxidizing fluid into the opening comprises transferring heat from the heated oxidizing 
fluid to the portion. 

10 2846. The method of claim 2828, further corpprising removing water from the formation 
prior to heating the portion. 



£9 
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2847. The method of claim 2828, further comprising controlling the temperature of the 
formation to substantially inhibit production of oxides of nitrogen during oxidation. 

2848. The method of claim 2828, Airther comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 



20 2849: The method of claim/2828, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



2850. The method of claim 2828, further comprising coupling an overburden casing to 
25 the opening, wherein /he overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



30 



285 1 . The method of claim 2828, further comprising coupling an overburden casing to 
the opening, wheifein a packing material is disposed at a junction of the overburden 
casing and the opening. 
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2852. The method of claim 2828, wherein the pyrolysis zone is substantially adjacent to 
the reaction zone. 

2853. A system configured to heat a coal formation, comprising/ 

a heater disposed in an opening in the formation, wherein the heater is configured 
to provide heat to at least a portion of the formation during use; 
an oxidizing fluid source; / 

a conduit disposed in the opening, wherein the co/duit is configured to provide an 
oxidizing fluid from the oxidizing fluid source to a reaction zone in the formation during 
use, wherein the oxidizing fluid is selected to oxidize^at least some hydrocarbons at the 
reaction zone during use such that heat is generated^ at the reaction zone, and wherein the 
conduit is further configured to remove an oxidation product from the formation during 
use; and / 

wherein the system is configured to allow heat to transfer substantially by 
conduction from the reaction zone to a pyrcnysis zone of the formation during use. 

2854. The system of claim 2853, wherein the oxidizing fluid is configured to generate 
heat in the reaction zone such that theyoxidizing fluid is transported through the reaction 
zone substantially by diffusion. / 

2855. The system of claim 2853/ wherein the conduit comprises orifices, and wherein 
the orifices are configured to provide the oxidizing fluid into the opening. 

2856. The system of claim 2&53 ? wherein the conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configured to control a flow of the oxidizing 
fluid such that a rate of oxidation in the formation is controlled. 

2857. The system of claim 2853, wherein the conduit is further configured to be cooled 
with the oxidizing fluid/such that the conduit is not substantially heated by oxidation. 
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2858. The system of claim 2853, wherein the conduit is further configured such that the 
oxidation product transfers heat to the oxidizing fluid. / 

2859. The system of claim 2853, wherein a flow rate of the o/idizing fluid in the 
conduit is approximately equal to a flow rate of the oxidatioii product in the conduit. 

2860. The system of claim 2853, wherein a pressure of/the oxidizing fluid in the conduit 
and a pressure of the oxidation product in the conduit ^re controlled to reduce 
contamination of the oxidation product by the oxidizing fluid. 

2861 . The system of claim 2853, wherein the oxidation product is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 

2862. The system of claim 2853, wherein/the oxidizing fluid is substantially inhibited 
from flowing into portions of the formatipn beyond the reaction zone. 

2863. The system of claim 2853, further comprising a center conduit disposed within 
the conduit, wherein the center conduit is configured to provide the oxidizing fluid into 
the opening during use. / 

2864. The system of claim 28553, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

2865. The system of claim 2853, further comprising a conductor disposed in a second 
conduit, wherein the second conduit is disposed within the opening, and wherein the 
conductor is configured to heat at least a portion of the formation during application of an 
electrical current to the/conductor. 

2866. The system of claim 2853, further comprising an insulated conductor disposed 
within the opening, wherein the insulated conductor is configured to heat at least a 
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portion of the formation during application of an electrical current tartMe insulated 
conductor. / 

2867. The system of claim 2853, further comprising at least one elongated member 
disposed within the opening, wherein the at least the one elongated member is configured 
to heat at least a portion of the formation during application of an electrical current to the 
at least the one elongated member. / 

2868. The system of claim 2853, further comprising a heat exchanger disposed external 
to the formation, wherein the heat exchanger i/configured to heat the oxidizing fluid, 
wherein the conduit is further configured tOyprovide the heated oxidizing fluid into the 
opening during use, and wherein the heated oxidizing fluid is configured to heat at least a 
portion of the formation during use. / 

2869. The system of claim 2853, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. / 

2870. The system of claim/2853, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein me overburden casing comprises steel. 

2871 . The system of claim 2853, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

2872. The system of claim 2853, further comprising an overburden casing coupled to 
the opening, Wnerein a packing material is disposed at a junction of the overburden 
casing and the opening. 
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2873. The system of claim 2853, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed m an overburden of the 
formation, wherein a packing material is disposed at a/unction of the overburden casing 
and the opening, and wherein the packing material isyconfigured to substantially inhibit a 
flow of fluid between the opening and the overburden casing during use. 



10 



2874. The system of claim 2853, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 



2875. The system of claim 2853, wherein the system is further configured such that 
transferred heat can pyrolyze at least some hydrocarbons in the pyrolysis zone. 



p 15 2876. A system configurable to heat a coal formation, comprising: 

a heater configurable to beyflisposed in an opening in the formation, wherein the 
heater is further configurable to provide heat to at least a portion of the formation during 
use; 

a conduit configurable^ to be disposed in the opening, wherein the conduit is 
20 further configurable to provide an oxidizing fluid from an oxidizing fluid source to a 

reaction zone in the formation during use, wherein the system is configurable to allow the 
oxidizing fluid to oxidize* at least some hydrocarbons at the reaction zone during use such 
that heat is generated at the reaction zone, and wherein the conduit is further configurable 
to remove an oxidation product from the formation during use; and 
25 wherein th&system is further configurable to allow heat to transfer substantially 

by conduction from the reaction zone to a pyrolysis zone during use. 



M 
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2877. The systrem of claim 2876, wherein the oxidizing fluid is configurable to generate 
heat in the reaction zone such that the oxidizing fluid is transported through the reaction 
zone substantially by diffusion. 
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2878. The system of claim 2876, wherein the conduit comprises orifices^nd wherein 
the orifices are configurable to provide the oxidizing fluid into the opening. 

2879. The system of claim 2876, wherein the conduit comprises cntical flow orifices, 
and wherein the critical flow orifices are configurable to control/a flow of the oxidizing 
fluid such that a rate of oxidation in the formation is controlled 

2880. The system of claim 2876, wherein the conduit ismirther configurable to be 
cooled with the oxidizing fluid such that the conduit is^not substantially heated by 
oxidation. / 

2881 . The system of claim 2876, wherein the /onduit is further configurable such that 
the oxidation product transfers heat to the oxmizing fluid. 

2882. The system of claim 2876, wherein a flow rate of the oxidizing fluid in the 
conduit is approximately equal to a flow rate of the oxidation product in the conduit. 

2883. The system of claim 2876, wherein a pressure of the oxidizing fluid in the conduit 
and a pressure of the oxidation product in the conduit are controlled to reduce 
contamination of the oxidation product by the oxidizing fluid. 

2884. The system of claim 2876, wherein the oxidation product is substantially inhibited 
from flowing into portions pf the formation beyond the reaction zone. 

2885. The system of cLaim 2876, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 

2886. The system m claim 2876, further comprising a center conduit disposed within 
the conduit, wherep center conduit is configurable to provide the oxidizing fluid into the 
opening during use. 



627 



Conlev Rose & Tayon. P C. 



2887. The system of claim 2876, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

2888. The system of claim 2876, further comprising a conductor disposed in a second 
conduit, wherein the second conduit is disposed within the opening/ and wherein the 
conductor is configurable to heat at least a portion of the formatign during application of 
an electrical current to the conductor. 



CO 



2889. The system of claim 2876, further comprising an insulated conductor disposed 
10 within the opening, wherein the insulated conductor is configurable to heat at least a 

portion of the formation during application of an electrical/:urrent to the insulated 
conductor. 

2890. The system of claim 2876, further comprising a/ least one elongated member 
15 disposed within the opening, wherein the at least the one elongated member is 

configurable to heat at least a portion of the formation during application of an electrical 
current to the at least the one elongated member. 



nj 



2891 . The system of claim 2876, further comprising a heat exchanger disposed external 
20 to the formation, wherein the heat exchanger is configurable to heat the oxidizing fluid, 
wherein the conduit is further configurable to provide the heated oxidizing fluid into the 
opening during use, and wherein the heated gxidizing fluid is configurable to heat at least 
a portion of the formation during use. 



25 2892. The system of claim 2876, furtherfcomprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 



2893. The system of claim 2876, further comprising an overburden casing coupled to 
30 the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 
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2894. The system of claim 2876, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed m cement. 

2895. The system of claim 2876, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. / 

2896. The system of claim 2876, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing materials configurable to substantially inhibit 
a flow of fluid between the opening and the overburden casing during use. 

2897. The system of claim 2876, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packingmiaterial comprises cement. 

2898. The system of claim 2876, whetiein the system is further configurable such that 
transferred heat can pyrolyze at least some hydrocarbons in the pyrolysis zone. 

2899. An in situ method for heating a coal formation, comprising: 

heating a portion of the formation to a temperature sufficient to support reaction of 
hydrocarbons within the portion qt the formation with an oxidizing fluid, wherein the 
portion is located substantially adjacent to an opening in the formation; 

providing the oxidizing fluid to a reaction zone in the formation; 

allowing the oxidizing gas to react with at least a portion of the hydrocarbons at 
the reaction zone to generate Meat in the reaction zone; 

removing at least a portion of an oxidation product through the opening; and 
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transferring the generated heat substantially by conduction from the reaction zone 
to a pyrolysis zone in the formation. 

2900. The method of claim 2899, further comprising transporting th^6xidizing fluid 
5 through the reaction zone by diffusion. 

290 1 . The method of claim 2899, further comprising directing at least a portion of the 
oxidizing fluid into the opening through orifices of a conduit/aisposed in the opening. 



10 
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2902. The method of claim 2899, further comprising controlling a flow of the oxidizing 
fluid with critical flow orifices of a conduit disposed ir/the opening such that a rate of 
oxidation is controlled. 

2903. The method of claim 2899, further comprising increasing a flow of the oxidizing 
fluid in the opening to accommodate an increasp in a volume of the reaction zone such 
that a rate of oxidation is substantially maintained within the reaction zone. 



p. 20 
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2904. The method of claim 2899, whereirf a conduit is disposed in the opening, the 
method further comprising cooling the conduit with the oxidizing fluid such that the 
conduit is not substantially heated by oxidation. 

2905. The method of claim 2899,yWherein a conduit is disposed within the opening, and 
wherein removing at least the portion of the oxidation product through the opening 
comprises removing at least tha^portion of the oxidation product through the conduit. 

2906. The method of clainy2899 ? wherein a conduit is disposed within the opening, and 
wherein removing at least me portion of the oxidation product through the opening 
comprises removing at least the portion of the oxidation product through the conduit, the 
method further compris/ng transferring substantial heat from the oxidation product in the 
conduit to the oxidizir/g fluid in the conduit. 
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2907. The method of claim 2899, wherein a conduit is disposed within me opening, 
wherein removing at least the portion of the oxidation product ttfrough the opening 
comprises removing at least the portion of the oxidation product through the conduit, and 
wherein a flow rate of the oxidizing fluid in the conduit is approximately equal to a flow 
rate of the oxidation product in the conduit. / 

2908. The method of claim 2899, wherein a conduitns disposed within the opening, and 
wherein removing at least the portion of the oxidation product through the opening 
comprises removing at least the portion of the oxidation product through the conduit, the 
method further comprising controlling a pressure between the oxidizing fluid and the 
oxidation product in the conduit to reduce contamination of the oxidation product by the 
oxidizing fluid. / 

2909. The method of claim 2899, wherein a conduit is disposed within the opening, and 
wherein removing at least the portion c/f the oxidation product through the opening 
comprises removing at least the portion of the oxidation product through the conduit, the 
method further comprising substantially inhibiting the oxidation product from flowing 
into portions of the formation beyond the reaction zone. 

2910. The method of claim 28#9, further comprising substantially inhibiting the 
oxidizing fluid from flowing into portions of the formation beyond the reaction zone. 

291 1 . The method of claim 2899, wherein a center conduit is disposed within an outer 
conduit, and wherein the outer conduit is disposed within the opening, the method further 
comprising providing the oxidizing fluid into the opening through the center conduit and 
removing at least a portion of the oxidation product through the outer conduit. 

2912. The method of /claim 2899, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 
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2913. The method of claim 2899, wherein heating the portioi/ comprises applying 
electrical current to a conductor disposed in a conduit, whej&n the conduit is disposed 
within the opening. 



5 2914. The method of claim 2899, wherein heating me portion comprises applying 
electrical current to an insulated conductor disposed within the opening. 



L-3 
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2915. The method of claim 2899, wherein heating the portion comprises applying 
electrical current to at least one elongated m/mber disposed within the opening. 

2916. The method of claim 2899, wher/in heating the portion comprises heating the 
oxidizing fluid in a heat exchanger disposed external to the formation such that providing 
the oxidizing fluid into the opening comprises transferring heat from the heated oxidizing 
fluid to the portion. 

291 7. The method of claim 28«/9, further comprising removing water from the formation 
prior to heating the portion. 

291 8. The method of claim 2899, further comprising controlling the temperature of the 
formation to substantially/nhibit production of oxides of nitrogen during oxidation. 



25 



2919. The method of claim 2899, further comprising coupling an overburden casing to 
the opening, wherein/he overburden casing is disposed in an overburden of the 
formation. 

2920. The method of claim 2899, further comprising coupling an overburden casing to 
the opening, whpein the overburden casing is disposed in an overburden of the 
formation, and/vherein the overburden casing comprises steel. 
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292 1 . The method of claim 2899, further comprising coupling m overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further dispo/sed in cement. 

2922. The method of claim 2899 ? further comprising coupling an overburden casing to 
the opening, wherein a packing material is disposed at/ junction of the overburden 
casing and the opening. / 

2923. The method of claim 2899, wherein the p/rolysis zone is substantially adjacent to 
the reaction. / 

2924. A system configured to heat a coal formation, comprising: 

an electric heater disposed in an opening in the formation, wherein the electric 
heater is configured to provide heat to at least a portion of the formation during use; 
an oxidizing fluid source; / 

a conduit disposed in the opening, wherein the conduit is configured to provide an 
oxidizing fluid from the oxidizing fluid source to a reaction zone in the formation during 
use, and wherein the oxidizing fluid/is selected to oxidize at least some hydrocarbons at 
the reaction zone during use such mat heat is generated at the reaction zone; and 

wherein the system is configured to allow heat to transfer substantially by 
conduction from the reaction zone to a pyrolysis zone of the formation during use. 

2925. The system of claim 2924, wherein the oxidizing fluid is configured to generate 
heat in the reaction zone such that the oxidizing fluid is transported through the reaction 
zone substantially by diffusion. 

2926. The system of craim 2924, wherein the conduit comprises orifices, and wherein 
the orifices are configured to provide the oxidizing fluid into the opening. 
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2927. The system of claim 2924, wherein the conduit comprises critical/flow orifices, 
and wherein the critical flow orifices are configured to control a flow of the oxidizing 
fluid such that a rate of oxidation in the formation is controlled. / 

2928. The system of claim 2924, wherein the conduit is furthor configured to be cooled 
with the oxidizing fluid such that the conduit is not substanti^ly heated by oxidation. 

2929. The system of claim 2924, wherein the conduit i^fm-ther configured to remove an 
oxidation product. / 

2930. The system of claim 2924, wherein the confluit is further configured to remove an 
oxidation product, such that the oxidation product transfers heat to the oxidizing fluid. 

293 1 . The system of claim 2924, wherein the conduit is further configured to remove an 
oxidation product, and wherein a flow rate pf the oxidizing fluid in the conduit is 
approximately equal to a flow rate of the ^xidation product in the conduit. 

2932. The system of claim 2924, wherein the conduit is further configured to remove an 
oxidation product, and wherein a pressure of the oxidizing fluid in the conduit and a 
pressure of the oxidation product in the conduit are controlled to reduce contamination of 
the oxidation product by the oxidizing fluid. 

2933. The system of claim 2924, wherein the conduit is further configured to remove an 
oxidation product, and where/n the oxidation product is substantially inhibited from 
flowing into portions of the formation beyond the reaction zone. 

2934. The system of cla/m 2924, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 

2935. The system offclaim 2924, further comprising a center conduit disposed within 
the conduit, wherein /he center conduit is configured to provide the oxidizing fluid into 
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the opening during use. and wherein the conduit is further configured to remove an 
oxidation product during use. / 

2936. The system of claim 2924, wherein the portion of theTormation extends radially 
from the opening a width of less than approximately 0.2 m. 

2937. The system of claim 2924, further comprising/an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. / 

2938. The system of claim 2924, further comprising an overburden casing coupled to 
the opening, wherein the overburden casin/is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

2939. The system of claim 2924, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

2940. The system'of claim 2924, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. / 

2941 . The system of claim 2924, further comprising an overburden casing coupled to 
the opening, wherein theyoverburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configured to substantially inhibit a 
flow of fluid between the opening and the overburden casing during use. 

2942. The system of claim 2924, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
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formation, wherein a packing material is disposed at a junction of the ovepourden casing 
and the opening, and wherein the packing material comprises cement. 

2943. The system of claim 2924, wherein the system is further configured such that 
5 transferred heat can pyrolyze at least some hydrocarbons in the^yrolysis zone. 
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2944. A system configurable to heat a coal formation, comprising: 

an electric heater configurable to be disposed inAn opening in the formation, 
wherein the electric heater is further configurable to provide heat to at least a portion of 
10 the formation during use, and wherein at least the portion is located substantially adjacent 
to the opening; 

a conduit configurable to be disposed irfthe opening, wherein the conduit is 
further configurable to provide an oxidizing fluid from an oxidizing fluid source to a 
reaction zone in the formation during use. and wherein the system is configurable to 
15 allow the oxidizing fluid to oxidize at lea/t some hydrocarbons at the reaction zone 
during use such that heat is generated atJihe reaction zone; and 

wherein the system is further configurable to allow heat to transfer substantially 
by conduction from the reaction zone /o a pyrolysis zone of the formation during use. 



20 2945. The system of claim 2944, wherein the oxidizing fluid is configurable to generate 
heat in the reaction zone such that /he oxidizing fluid is transported through the reaction 
zone substantially by diffusion. 

2946. The system of claim 29A4. wherein the conduit comprises orifices, and wherein 
25 the orifices are configurable to provide the oxidizing fluid into the opening. 
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2947. The system of claim 2944, wherein the conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configurable to control a flow of the oxidizing 
fluid such that a rate ofjoxidation in the formation is controlled. 
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2948. The system of claim 2944, wherein the conduit is further configurable to be 
cooled with the oxidizing fluid such that the conduit is not substantially heated by 
oxidation. / 

2949. The system of claim 2944, wherein the conduit is further configurable to remove 
an oxidation product. / 

2950. The system of claim 2944, wherein the conduit is further configurable to remove 
an oxidation product such that the oxidation product transfers heat to the oxidizing fluid. 

295 1 . The system of claim 2944, wherein me conduit is further configurable to remove 
an oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit is 
approximately equal to a flow rate of th/ oxidation product in the conduit. 

2952. The system of claim 2944, Wnerein the conduit is farther configurable to remove 
an oxidation product, and whereir/a pressure of the oxidizing fluid in the conduit and a 
pressure of the oxidation produat in the conduit are controlled to reduce contamination of 
the oxidation product by the oxidizing fluid. 

2953. * The system of claim 2944, wherein the conduit is further configurable to remove 
an oxidation product, anp wherein the oxidation product is substantially inhibited from 
flowing into portions or the formation beyond the reaction zone. 

2954. The system of claim 2944, wherein the oxidizing fluid is substantially inhibited 
from flowing intoyportions of the formation beyond the reaction zone. 

2955. The system of claim 2944, further comprising a center conduit disposed within 
the conduit, wherein center conduit is configurable to provide the oxidizing fluid into the 
opening during use, and wherein the conduit is further configurable to remove an 
oxidation product during use. 



637 



Conley. Rose & Tayon. P.C. 



2956. The system of claim 2944, wherein the portion of the forn^ation extends radially 
from the opening a width of less than approximately 0.2 m. 

2957. The system of claim 2944, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed iiyan overburden of the 
formation. 

2958. The system of claim 2944, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

2959. The system of claim 2944, further comprising an overburden casing coupled to 
the opening, wherein the overburden casingns disposed in an overburden of the 
formation, and wherein the overburden casfing is further disposed in cement. 

2960. The system of claim 2944, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 

2961 . The system of claim 2944,/further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing rnaterial is disposed at a junction of the overburden casing 
and the opening, and wherein me packing material is configurable to substantially inhibit 
a flow of fluid between the opening and the overburden casing during use. 

2962. The system of claim 2944, further comprising an overburden casing coupled to 
the opening, wherein the Overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wbferein the packing, material comprises cement. 
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2963. The system of claim 2944, wherein the system is further configurable such that 
transferred heat can pyrolyze at least some hydrocarbons in the oyrolysis zone. 

2964. A system configured to heat a coal formation, comprising: 

a conductor disposed in a first conduit, wherein the/first conduit is disposed in an 
opening in the formation, and wherein the conductor is configured to provide heat to at 
least a portion of the formation during use; / 

an oxidizing fluid source; / 

a second conduit disposed in the opening, wherein the second conduit is 
configured to provide an oxidizing fluid from thaT oxidizing fluid source to a reaction 
zone in the formation during use, and wherein me oxidizing fluid is selected to oxidize at 
least some hydrocarbons at the reaction zone/during use such that heat is generated at the 
reaction zone; and / 

wherein the system is configured lo allow heat to transfer substantially by 
conduction from the reaction zone to a mrolysis zone of the formation during use. 

2965. The system of claim 2964, wMerein the oxidizing fluid is configured to generate 
heat in the reaction zone such that me oxidizing fluid is transported through the reaction 
zone substantially by diffusion. / 

2966. The system* of claim 2964, wherein the second conduit comprises orifices, and 
wherein the orifices are configured to provide the oxidizing fluid into the opening. 

2967. The system of claim 2964. wherein the second conduit comprises critical flow 
orifices, and wherein the critical flow orifices are configured to control a flow of the 
oxidizing fluid such thaya rate of oxidation in the formation is controlled. 

2968. The system of claim 2964, wherein the second conduit is further configured to be 
cooled with the oxidizing fluid to reduce heating of the second conduit by oxidation. 
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2969. The system of claim 2964. wherein the second conduit is /urther configured to 
remove an oxidation product. 

2970. The system of claim 2964, wherein the second conduit is further configured to 
remove an oxidation product such that the oxidation prpfluct transfers heat to the 
oxidizing fluid. 
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2971 . The system of claim 2964, wherein the second conduit is further configured to 
remove an oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit 
is approximately equal to a flow rate of the c6cidation product in the second conduit. 
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2972. The system of claim 2964, wherein the second conduit is further configured to 
remove an oxidation product, and wherein a pressure of the oxidizing fluid in the second 
conduit and a pressure of the oxidation product in the second conduit are controlled to 
reduce contamination of the oxidation product by the oxidizing fluid. 

2973. The system of claim 2964, wherein the second conduit is further configured to 
remove an oxidation product, and wherein the oxidation product is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 

2974. The system of claim 2964, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 



2975. The system of claim 2964, further comprising a center conduit disposed within 
25 the second conduit, wherein the center conduit is configured to provide the oxidizing 

fluid into the opening during use, and wherein the second conduit is further configured to 
remove an oxidation product during use. 



2976. The systfem of claim 2964, wherein the portion of the formation extends radially 
30 from the opening a width of less than approximately 0.2 m. 
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2977. The system of claim 2964. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. / 

2978. The system of claim 2964, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises /teel. 

2979. The system of claim 2964, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

2980. The system of claim 2964, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. / 

2981 . The system of claim 2964, further ycomprising an overburden casing coupled to 
the opening, wherein the overburden cas/ng is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configured to substantially inhibit a 
flow of fluid between the opening and the overburden casing during use. 

2982. The system of claim 29647 further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein /he packing material comprises cement. 

2983. The system of clainy 2964, wherein the system is further configured such that 
transferred heat can pyrolyze at least some hydrocarbons in the pyrolysis zone. 

2984. A system configurable to heat a coal formation, comprising: 
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a conductor configurable to be disposed in a first conduit,/wherein the first 
conduit is configurable to be disposed in an opening in the formation, and wherein the 
conductor is further configurable to provide heat to at least a p/ortion of the formation 
during use; 

a second conduit configurable to be disposed in thc/opening, wherein the second 
conduit is further configurable to provide an oxidizing fluid from an oxidizing fluid 
source to a reaction zone in the formation during use, and wherein the system is 
configurable to allow the oxidizing fluid to oxidize at least some hydrocarbons at the 
reaction zone during use such that heat is generated^ at the reaction zone; and 

wherein the system is further configurable to allow heat to transfer substantially 
by conduction from the reaction zone to a pyro/ysis zone of the formation during use. 
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2985. The system of claim 2984, wherein me oxidizing fluid is configurable to generate 
heat in the reaction zone such that the oxidizing fluid is transported through the reaction 

15 zone substantially by diffusion. 

2986. The system of claim 2984, wherein the second conduit comprises orifices, and 
wherein the orifices are configurable to provide the oxidizing fluid into the opening. 

20 2987.' The system of claim 2984( wherein the second conduit comprises critical flow 
orifices, and wherein the critica/ flow orifices are configurable to control a flow of the 
oxidizing fluid such that a rater of oxidation in the formation is controlled. 



2988. The system of claim 2984, wherein the second conduit is further configurable to 
25 be cooled with the oxidizing fluid to reduce heating of the second conduit by oxidation. 



2989. The system of c/aim 2984, wherein the second conduit is further configurable to 
remove an oxidation p/oduct. 
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2990. The system of claim 2984, wherein the second conduit is farther configurable to 
remove an oxidation product such that the oxidation product transfers heat to the 
oxidizing fluid. / 

2991 . The system of claim 2984, wherein the second conduit is further configurable to 
remove an oxidation product, and wherein a flow rate ok the oxidizing fluid in the conduit 
is approximately equal to a flow rate of the oxidationAoduct in the second conduit. 

2992. The system of claim 2984, wherein the second conduit is further configurable to 
remove an oxidation product, and wherein a pressure of the oxidizing fluid in the second 
conduit and a pressure of the oxidation produc/in the second conduit are controlled to 
reduce contamination of the oxidation producrt by the oxidizing fluid. 

2993. The system of claim 2984, whereipthe second conduit is further configurable to 
remove an oxidation product, and whereixi the oxidation product is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 

2994. The system of claim 2984, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 

2995. The system of claim 2984, further comprising a center conduit disposed within 
the second conduit, wherein center conduit is configurable to provide the oxidizing fluid 
into the opening during use, and wherein the second conduit is further configurable to 
remove an oxidation productr during use. 

2996. The system of claim 2984, wherein the portion of the formation extends radially 
from the opening a widthrof less than approximately 0.2 m. 

2997. The system of claim 2984, further comprising an overburden casing coupled to 
the opening, wherein /he overburden casing is disposed in an overburden of the 
formation. / 
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2998. The system of claim 2984, further comprising an overburdenf casing coupled to 
the opening, wherein the overburden casing is disposed in an overt>urden of the 
formation, and wherein the overburden casing comprises steel/ 

2999. The system of claim 2984, further comprising an cfverburden casing coupled to 
the opening, wherein the overburden casing is disposed/in an overburden of the 
formation, and wherein the overburden casing is furtl/er disposed in cement. 

3000. The system of claim 2984, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disclosed at a junction of the overburden 
casing and the opening. / 

3001 . The system of claim 2984, furthe/ comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configurable to substantially inhibit 
a flow of fluid between the opening and the overburden casing during use. 

3002. The system of claim 29b4, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

3003. The system of claim 2984, wherein the system is further configurable such that 
transferred heat can py/olyze at least some hydrocarbons in the pyrolysis zone. 

3004. An in situ me/hod for heating a coal formation, comprising: 

heating a portion of the formation to a temperature sufficient to support reaction 
of hydrocarbons wifthin the portion of the formation with an oxidizing fluid, wherein 
heating comprises applying an electrical current to a conductor disposed in a first conduit 
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to provide heat to the portion, and wherein the first conduit is disposed within the 
opening; 

providing the oxidizing fluid to a reaction zone in the^ormation; 
allowing the oxidizing fluid to react with at least a/portion of the hydrocarbons at 
5 the reaction zone to generate heat at the reaction zone; and 

transferring the generated heat substantially by conduction from the reaction zone 
to a pyrolysis zone in the formation. 

3005. The method of claim 3004, further compfising transporting the oxidizing fluid 
10 through the reaction zone by diffusion. 
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3006. The method of claim 3004, further/comprising directing at least a portion of the 
oxidizing fluid into the opening throughyorifices of a second conduit disposed in the 
opening. 

3007. The method of claim 3004, Airther comprising controlling a flow of the oxidizing 
fluid with critical flow orifices of/a second conduit disposed in the opening such that a 
rate of oxidation is controlled. 



20 3008. The method of claim 3004, further comprising increasing a flow of the oxidizing 
fluid in the opening to accommodate an increase in a Volume of the reaction zone such 
that a rate of oxidation is substantially constant over time within the reaction zone. 

3009. The method of cpim 3004, wherein a second conduit is disposed in the opening, 
25 the method further comprising cooling the second conduit with the oxidizing fluid to 
reduce heating of the second conduit by oxidation. 
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301 0. The method pf claim 3004, wherein a second conduit is disposed within the 
opening, the method further comprising removing an oxidation product from the 
formation through jthe second conduit. 



645 



Conle>\ Rose & Tayon, P.C. 



/ 

301 1. The method of claim 3004, wherein a second conduit is disposed within the 
opening, the method further comprising removing an oxidation /roduct from the 
formation through the second conduit and transferring heat from the oxidation product in 
the conduit to the oxidizing fluid in the second conduit. / 

3012. The method of claim 3004, wherein a second conduit is disposed within the 
opening, the method further comprising removing an Oxidation product from the 
formation through the second conduit, wherein a floA' rate of the oxidizing fluid in the 
second conduit is approximately equal to a flow rate of the oxidation product in the 
second conduit. / 

3013. The method of claim 3004, wherein a/second conduit is disposed within the 
opening, the method further comprising removing an oxidation product from the 
formation through the second conduit ana controlling a pressure between the oxidizing 
fluid and the oxidation product in the second conduit to reduce contamination of the 
oxidation product by the oxidizing fluid. 

3014. The method of claim 3004, wherein a second conduit is disposed within the 
opening, the method further comprising removing an oxidation product from the 
formation through the conduit anp substantially inhibiting the oxidation product from 
flowing into portions of the formation beyond the reaction zone. 

301 5. The method of claim 3004, further comprising substantially inhibiting the 
oxidizing fluid from flowing into portions of the formation beyond the reaction zone. 

3016. The method of claim 3004. wherein a center conduit is disposed within an outer 
conduit, and wherein the pouter conduit is disposed within the opening, the method further 
comprising providing the oxidizing fluid into the opening through the center conduit and 
removing an oxidation product through the outer conduit. 
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301 7. The method of claim 3004 ? wherein the portion of th/ formation extends radially 
from the opening a width of less than approximately 0.2 

3018. The method of claim 3004, further comprisinpremoving water from the formation 
5 prior to heating the portion. 

3019. The method of claim 3004, further comj/rising controlling the temperature of the 
formation to substantially inhibit production off oxides of nitrogen during oxidation. 

10 3020. The method of claim 3004, furthe/comprising coupling an overburden casing to 
the opening, wherein the overburden ca/ing is disposed in an overburden of the 
r* formation. 

fcss=? 
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45 3021 . The method of claim 30047further comprising coupling an overburden casing to 

g 1 5 the opening, wherein the overburaen casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

l % 3022. The method of claim £004, further comprising coupling an overburden casing to 

fy the opening, wherein the owrburden casing is disposed in an overburden of the 

}S 20 formation, and wherein the overburden casing is further disposed in cement. 

/ 

3023. The method of dlaim 3004, further comprising coupling an overburden casing to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 

25 

3024. A system configured to heat a coal formation, comprising: 
an insulated conductor disposed in an opening in the formation, wherein the 

insulated condijfctor is configured to provide heat to at least a portion of the formation 
during use; 
30 an oxjfdizing fluid source; 
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a conduit disposed in the opening, wherein the conduit ,is| configured to provide an 

/ \ 

oxidizing fluid trom the oxidizing fluid source to a reaction zone^in the formation during 
use, and wherein the oxidizing fluid is selected to oxidize ar least some hydrocarbons at 
the reaction zone during use such that heat is generated aythe reaction zone; and 

wherein the system is configured to allow heat to transfer substantially by 
conduction from the reaction zone to a pyrolysis zoneyof the formation during use. 
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3025. The system of claim 3024, wherein the oxidizing fluid is configured to generate 
heat in the reaction zone such that the oxidizing /luid is transported through the reaction 
zone substantially by diffusion. 



3026. The system of claim 3024, wherein me conduit comprises orifices, and wherein 
the orifices are configured to provide the dxidizing fluid into the opening. 
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15 3027. The system of claim 3024, whe/ein the conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configured to control a flow of the oxidizing 
fluid such that a rate of oxidation in me formation is controlled. 



3028. The system of claim 3024/wherein the conduit is configured to be cooled with the 
q 20 oxidizing fluid such that the conduit is not substantially heated by oxidation. 



3029. The system of claim 3(^4, wherein the conduit is further configured to remove an 
oxidation product. 

25 3030. The system of clair^ 3024, wherein the conduit is further configured to remove an 
oxidation product, and wherein the conduit is further configured such that the oxidation 
product transfers substantial heat to the oxidizing fluid. 



303 1 . The system of/claim 3024, wherein the conduit is further configured to remove an 
30 oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit is 
approximately equa/to a flow rate of the oxidation product in the conduit. 
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3032. The system of claim 3024, wherein the conduit is fupier configured to remove an 
oxidation product, and wherein a pressure of the oxidizing fluid in the second conduit and 
a pressure of the oxidation product in the conduit are co/itrolled to reduce contamination 
of the oxidation product by the oxidizing fluid. 

3033. The system of claim 3024, wherein the conduit is further configured to remove an 
oxidation product, and wherein the oxidation product is substantially inhibited from 
flowing into portions of the formation beyond the reaction zone. 

3034. The system of claim 3024, wherein tne oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 

3035. The system of claim 3024, further comprising a center conduit disposed within 
the conduit, wherein the center conduitf is configured to provide the oxidizing fluid into 
the opening during use, and wherein ^ie conduit is further configured to remove an 
oxidation product during use. 
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3036. The system of claim 3024,/wherein the portion of the formation extends radially 
20 from the opening a width of less /han approximately 0.2 m. 
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3037. The system of claim 3024, further comprising an overburden casing coupled to 
the opening, wherein the ovepurden casing is disposed in an overburden of the 
formation. 

3038. The system of claim 3024, further comprising an overburden casing coupled to 
the opening, wherein the/overburden casing is disposed in an overburden of the 
formation, and wherein /he overburden casing comprises steel. 
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3039. The system of claim 3024, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3040. The system of claim 3024, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed ft a junction of the overburden 
casing and the opening. 



3041 . The system of claim 3024, further composing an overburden casing coupled to 
10 the opening, wherein the overburden casing is disposed in an overburden of the 

formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configured to substantially inhibit a 
flow of fluid between the opening and the/)verburden casing during use. 
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15 3042. The system of claim 3024. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

20 3043. The system of claim 302A, wherein the system is further configured such that 
transferred heat can pyrolyze af least some hydrocarbons in the pyrolysis zone. 



3044. A system configurable to heat a coal formation, comprising: 

an insulated conductor configurable to be disposed in an opening in the formation. 
25 wherein the insulated conductor is further configurable to provide heat to at least a 
portion of the formation/during use; 

a conduit configurable to be disposed in the opening, wherein the conduit is 
further configurable to provide an oxidizing fluid from an oxidizing fluid source to a 
reaction zone in the formation during use, and wherein the system is configurable to 
30 allow the oxidizing/fluid to oxidize at least some hydrocarbons at the reaction zone 
during use such that heat is generated at the reaction zone; and 
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wherein the system is further configurable to allow/heat to transfer substantially 
by conduction from the reaction zone to a pyrolysis zone ,of the formation during use. 

3045. The system of claim 3044, wherein the oxidizing fluid is configurable to generate 
heat in the reaction zone such that the oxidizing flui/is transported through the reaction 
zone substantially by diffusion. 

3046. The system of claim 3044, wherein the Conduit comprises orifices, and wherein 
the orifices are configurable to provide the oxidizing fluid into the opening. 

3047. The system of claim 3044, wherein ftie conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configurable to control a flow of the oxidizing 
fluid such that a rate of oxidation in the formation is controlled. 

3048. The system of claim 3044, whe/ein the conduit is further configurable to be 
cooled with the oxidizing fluid such t/at the conduit is not substantially heated by 
oxidation. 

3049. The system of claim 3044,/vherein the conduit is further configurable to remove 
an oxidation product. 

3050. The system of claim 3044, wherein the conduit is further configurable to remove 
oxidation product, such that the oxidation product transfers heat to the oxidizing fluid. 
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305 1 . The system of claim/3044, wherein the conduit is further configurable to remove 
an oxidation product, and therein a flow rate of the oxidizing fluid in the conduit is 
approximately equal to a flow rate of the oxidation product in the conduit. 



3052. The system of cfeim 3044, wherein the conduit is further configurable to remove 
an oxidation product, ahd wherein a pressure of the oxidizing fluid in the conduit and a 



651 



Conlev. Rose & Tayon 



pressure of the oxidation product in the conduit are controlled™ reduce contamination of 
the oxidation product by the oxidizing fluid. / 



3053. The system of claim 3044, wherein the conduit is/further configurable to remove 
an oxidation product, and wherein the oxidation product is substantially inhibited from 
flowing into portions of the formation beyond the reaction zone. 

3054. The system of claim 3044, wherein the oxioizing fluid is substantially inhibited 
from flowing into portions of the formation beycfnd the reaction zone. 

3055. The system of claim 3044, further comprising a center conduit disposed within 
the conduit, wherein center conduit is configurable to provide the oxidizing fluid into the 
opening during use, and wherein the conduit is further configurable to remove an 
oxidation product during use. 

3056. The system of claim 3044, wherein the portion of the formation extends radially 
from the opening a width of less than Approximately 0.2 m. 

3057. The system of claim 3044, fiurther comprising an overburden casing coupled to 
the opening, wherein the overburcjen casing is disposed in an overburden of the 
formation. 

3058. The system of claim 3044, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the Overburden casing comprises steel. 

3059. The system of claim 3044, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein trie overburden casing is further disposed in cement. 
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3060. The system of claim 3044, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. / 

306 1 . The system of claim 3044, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposer at a junction of the overburden casing 
and the opening, and wherein the packing material is configurable to substantially inhibit 
a flow of fluid between the opening and the o/erburden casing during use. 

3062. The system of claim 3044, further jcomprising an overburden casing coupled to 
the opening, wherein the overburden casmg is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

3063. The system of claim 3044, wherein the system is further configurable such that 
transferred heat can pyrolyze at least some hydrocarbons in the pyrolysis zone. 

3064. An in situ method for heating a coal formation, comprising: 

heating a portion of tha formation to a temperature sufficient to support reaction 
of hydrocarbons within the portion of the formation with an oxidizing fluid, wherein 
heating comprises applying an electrical current to an insulated conductor to provide heat 
to the portion, and whereiiythe insulated conductor is disposed within the opening; 

providing the oxidizing fluid to a reaction zone in the formation; 

allowing the oxidizing fluid to react with at least a portion of the hydrocarbons at 
the reaction zone to generate heat at the reaction zone; and 

transferring ther generated heat substantially by conduction from the reaction zone 
to a pyrolysis zone in/the formation. 

3065. The method/of claim 3064, further comprising transporting the oxidizing fluid 
through the reaction zone by diffusion. 
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3066. The method of claim 3064, further comprising directing at least a portion of the 
oxidizing fluid into the opening through orifices of a conduit disposed in the opening. 

3067. The method of claim 3064, further comprising controlling a flow of the oxidizing 
fluid with critical flow orifices of a conduit disposed in the opening such that a rate of 
oxidation is controlled. / 

3068. The method of claim 3064, further comprising increasing a flow of the oxidizing 
fluid in the opening to accommodate an increase in a volume of the reaction zone such 
that a rate of oxidation is substantially constant over time within the reaction zone. 

3069. The method of claim 3064, wherein a conduit is disposed in the opening, the 
method further comprising cooling the conduit with the oxidizing fluid to reduce heating 
of the conduit by oxidation. / 

3070. The method of claim 3064, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit. / 

3071 . The method of claim 3064, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and transferring heat from the oxidation product in the conduit to the 
oxidizing fluid in thor conduit. 

3072. The method of claim 3064, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit, wnerein a flow rate of the oxidizing fluid in the conduit is approximately 
equal to a flow rate of the oxidation product in the conduit. 
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3073. The method of claim 3064, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product/from the formation through 
the conduit and controlling a pressure between the oxidizing fluid and the oxidation 
product in the conduit to reduce contamination of the c/xidation product by the oxidizing 
fluid. 

3074. The method of claim 3064, wherein a coj/duit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and substantially inhibiting the o/idation product from flowing into portions 
of the formation beyond the reaction zone. 

3075. The method of claim 3064, further comprising substantially inhibiting the 
oxidizing fluid from flowing into portions of the formation beyond the reaction zone. 

3076. The method of claim 3064, /vherein a center conduit is disposed within an outer 
conduit, and wherein the outer coylduit is disposed within the opening, the method further 
comprising providing the oxidizing fluid into the opening through the center conduit and 
removing an oxidation product/hrough the outer conduit. 

3077. The method of claim 5064, wherein the portion of the formation extends radially 
from the opening a width oyless than approximately 0.2 m. 

3078. The method of claim 3064, further comprising removing water from the formation 
prior to heating the portion. 

3079. The method of claim 3064, further comprising controlling the temperature of the 
formation to substantially inhibit production of oxides of nitrogen during oxidation. 



3080. The method of claim 3064, further comprising coupling an overburden casing to 
the opening, whereip the overburden casing is disposed in an overburden of the 
formation. 



V 
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308 1 . The method of claim 3064, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



3082. The method of claim 3064, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing isr further disposed in cement. 

3083. The method of claim 3064, further comprising coupling an overburden casing to 
the opening, wherein a packing material is jiisposed at a junction of the overburden 
casing and the opening. 

3084. The method of claim 3064, whe/ein the pyrolysis zone is substantially adjacent to 
the reaction zone. 

3085. An in situ method for heating a coal formation, comprising: 
heating a portion of the formation to a temperature sufficient to support reaction 

of hydrocarbons within the portion of the formation with an oxidizing fluid, wherein the 
portion is located substantially adjacent to an opening in the formation, wherein heating 
comprises applying an electrical current to an insulated conductor to provide heat to the 
portion, wherein the insulated/conductor is coupled to a conduit, wherein the conduit 
comprises critical flow orifices, and wherein the conduit is disposed within the opening; 

providing the oxidising fluid to a reaction zone in the formation; 

allowing the oxidizing fluid to react with at least a portion of the hydrocarbons at 
the reaction zone to gene/ate heat at the reaction zone; and 

transferring the generated heat substantially by conduction from the reaction zone 
to a pyrolysis zone in tne formation. 



3086. The method op claim 3085, further comprising transporting the oxidizing fluid 
through the reaction zone by diffusion. 
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3087. The method of claim 3085, further comprising controlling a flow of the oxidizing 
fluid with the critical flow orifices such that a rate of oxidation is controlled. 

5 3088. The method of claim 3085, further comprising/increasing a flow of the oxidizing 
fluid in the opening to accommodate an increase in i volume of the reaction zone such 
that a rate of oxidation is substantially constant oWr time within the reaction zone. 

3089. The method of claim 3085, further comprising cooling the conduit with the 
■10 oxidizing fluid to reduce heating of the conduit by oxidation. 



e : 



3090. The method of claim 3085 ? furtheycomprising removing an oxidation product 
from the formation through the conduit. 

15 3091 . The method of claim 3085, funher comprising removing an oxidation product 
from the formation through the conduit and transferring heat from the oxidation product 
in the conduit to the oxidizing tluicy in the conduit. 

3092. The method of claim 3086 ? further comprising removing an oxidation product 
20 from the formation through the conduit, wherein a flow rate of the oxidizing fluid in the 
conduit is approximately equa/ to a flow rate of the oxidation product in the conduit. 
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3093. The method of clainy3085, further comprising removing an oxidation product 
from the formation througly the conduit and controlling a pressure between the oxidizing 
fluid and the oxidation product in the conduit to reduce contamination of the oxidation 
product by the oxidizing lluid. 



3094. The method of claim 3085, further comprising removing an oxidation product 
from the formation through the conduit and substantially inhibiting the oxidation product 
from flowing into portions of the formation beyond the reaction zone. 
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3095. The method of claim 3085, further comprising substantially inhibiting the 
oxidizing fluid from flowing into portions of the formation/beyond the reaction zone. 

3096. The method of claim 3085, wherein a center coi/duit is disposed within the 
conduit, the method further comprising providing th^oxidizing fluid into the opening 
through the center conduit and removing an oxidatipn product through the conduit. 

3097. The method of claim 3085, wherein the Portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

3098. The method of claim 3085, furthenComprising removing water from the formation 
prior to heating the portion. / 

3099. The method of claim 3085, fuccher comprising controlling the temperature of the 
formation to substantially inhibit production of oxides of nitrogen during oxidation. 

3 1 00. The method of claim 3085/ further comprising coupling an overburden casing to 
the opening, wherein the overbu/den casing is disposed in an overburden of the 
formation. / 

3101. The method of clainy 3085, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein tMe overburden casing comprises steel. 

3 102. The method oftfclaim 3085, further comprising coupling an overburden casing to 
the opening, whereirythe overburden casing is disposed in an overburden of the 
formation, and whe/ein the overburden casing is further disposed in cement. 

3 103. The method of claim 3085, further comprising coupling an overburden casing to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 
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3104. The method of claim 3085, wherein the pyrolysi/zone is substantially adjacent to 
the reaction zone. / 

3105. A system configured to heat a coal formation, comprising: 

at least one elongated member disposed^in an opening in the formation, wherein at 
least the one elongated member is configured/to provide heat to at least a portion of the 
formation during use; / 

an oxidizing fluid source; / 

a conduit disposed in the opening, wherein the conduit is configured to provide an 
oxidizing fluid from the oxidizing fluia source to a reaction zone in thp formation during 
use, and wherein the oxidizing fluid/s selected to oxidize at least some hydrocarbons at 
the reaction zone during use such that heat is generated at the reaction zone; and 

wherein the system is configured to allow heat to transfer substantially by 
conduction from the reaction zone to a pyrolysis zone of the formation during use. 

3 1 06. The system of claim Vl 05, wherein the oxidizing fluid is configured to generate 
heat in the reaction zone suc/n that the oxidizing fluid is transported through the reaction 
zone substantially by diffusion. 

3 1 07. The system of cl/iim 3 1 05, wherein the conduit comprises orifices, and wherein 
the orifices are configured to provide the oxidizing fluid into the opening. 

3108. The system or claim 3105, wherein the conduit comprises critical flow orifices, 
and wherein the cri/ical flow orifices are configured to control a flow of the oxidizing 
fluid such that a rare of oxidation in the formation is controlled. 

3 1 09. The systofm of claim 3 1 05, wherein the conduit is further configured to be cooled 
with the oxidizing fluid such that the conduit is not substantially heated by oxidation. 
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3110. The system of claim 3 105, wherein the conduit is ft^ther configured to remove an 
oxidation product. 

3111. The system of claim 3 105, wherein the conduitAs further configured to remove an 
oxidation product such that the oxidation product transfers heat to the oxidizing fluid. 
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3112. The system of claim 3105, wherein the conduit is further configured to remove an 
oxidation product, and wherein a flow rate of thfe oxidizing fluid in the conduit is 
approximately equal to a flow rate of the oxidation product in the conduit. 

3113. The system of claim 3 105, wheretnr the conduit is further configured to remove an 
oxidation product, and wherein a pressure of the oxidizing fluid in the conduit and a 
pressure of the oxidation product in the/conduit are controlled to reduc.e contamination of 
the oxidation product by the oxidizing/ fluid. 

3114. The system of claim 3 105, wherein the conduit is further configured to remove an 
oxidation product, and wherein the oxidation product is substantially inhibited from 
flowing into portions of the formation beyond the reaction zone. 

3115. The system of claim 3 V05, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions oythe formation beyond the reaction zone. 
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3116. The system of claim 3 105, further comprising a center conduit disposed within 
the conduit, wherein the crenter conduit is configured to provide the oxidizing fluid into 
the opening during use, And wherein the conduit is further configured to remove an 
oxidation product during use. 
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3117. The system or claim 3105, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 
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3118. The system of claim 3105, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed J an overburden of the 
formation. / 

3119. The system of claim 3105, further comprising/an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing con/prises steel. 

3120. The system of claim 3105, further comn/ising an overburden casing coupled to 
the opening, wherein the overburden casing isAisposed in an overburden of the 
formation, and wherein the overburden casin/ is further disposed in cement. 

3121. The system of claim 3105. further comprising an overburden casing coupled to 
the opening, wherein a packing material i/disposed at a junction of the overburden 
casing and the opening. / 

3122. The system of claim 3105, furt/er comprising an overburden casing coupled to 
the opening, wherein the overburden /asing is disposed in an overburden of the 
formation, wherein a packing mater/al is disposed at a junction of the overburden casing 
and the opening, and wherein the flacking material is configured to substantially inhibit a 
flow of fluid between the opening and the overburden casing during use. 

3123. The system of claim 3105, further comprising an overburden casing coupled to 
the opening, wherein the over/urden casing is disposed in an overburden of the 
formation, wherein a packW material is disposed at a junction of the overburden casing 
and the opening, and whereto the packing material comprises cement. 

3 1 24. The system of claiAi 3105, wherein the system is further configured such that 
transferred heat can pyrojyze at least some hydrocarbons in the pyrolysis zone. 

3 125. A system confiilrable to heat a coal formation, comprising: 
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at least one elongated member configurable to be disposed in an opening in the 
formation, wherein at least the one elongated member is fuyther configurable to provide 
heat to at least a portion of the formation during use; / 

a conduit configurable to be disposed in the opemng, wherein the conduit is 
further configurable to provide an oxidizing fluid fronythe oxidizing fluid source to a 
reaction zone in the formation during use, and wherein the system is configurable to 
allow the oxidizing fluid to oxidize at least some hydrocarbons at the reaction zone 
during use such that heat is generated at the reaction zone; and 

wherein the system is further configurable to allow heat to transfer substantially 
by conduction from the reaction zone to a pyroLysis zone of the formation during use. 

3 126. The system of claim 3 125, wherein the oxidizing fluid is configurable to generate 
heat in the reaction zone such that the oxidizing fluid is transported through the reaction 
zone substantially by diffusion. / 

3 127. The system of claim 3 125, wherein the conduit comprises orifices, and wherein 
the orifices are configurable to provider the oxidizing fluid into the opening. 

3 128. The system of claim 3 125, wfierein the conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configurable to control a flow of the oxidizing 
fluid such that a rate of oxidation iri the formation is controlled. 

3 1 29. The system of claim 3125, wherein the conduit is further configurable to be 
cooled with the oxidizing fluid such that the conduit is not substantially heated by 
oxidation. / 

3130. The system of claim B 125, wherein the conduit is further configurable to remove 
an oxidation product. / 

3131. The system of claim 3125, wherein the conduit is further configurable to remove 
an oxidation product sucn that the oxidation product transfers heat to the oxidizing fluid. 
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3132. The svstem of claim 3125, wherein the conduit is( fu/ther configurable to remove 
an oxidation product, and wherein a flow rate of the oxidising fluid in the conduit is 
approximately equal to a flow rate of the oxidation prodv/ct in the conduit. 

3133 The system of claim 3 125, wherein the condui/is further configurable to remove 
an oxidation product, and wherein a pressure of the /xidizing fluid in the conduit and a 
pressure of the oxidation product in the conduit ^controlled to reduce contaminate of 
the oxidation product by the oxidizing fluid. 

3 134 The system of claim 3125, wherein the/conduit is further configurable to remove 
an oxidation product, and wherein the oxidafi/n product is substantially inhibited from 
flowing into portions of the formation beyond the reaction zone. 

3135. The system of claim 3125, wherein/the oxidizing fluid is substantially inhibited 
from flowing into portions of the formatiin beyond the reaction zone. 

3136 The svstem of claim 3125, further comprising a center conduit disposed within 
the conduit, wherein center conduit is /onfigurable to provide the oxidizing fluid into the 
opening during use, and wherein the /onduit is further configurable to remove an 
oxidation product during use. 

3137. The system of claim SUs/wheiein the portion of the formation extends radially 
from the opening a width of less /nan approximately 0.2 m. 

3138. The system of claim 3 lk further comprising an overburden casing coupled to 
the opening, wherein the over/urden casing is disposed in an overburden of the 

formation. 
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3139. The system of claim 3125, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3140. The system of claim 3125, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disnosed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3141. The system of claim 3 125, further comfprising an overburden casing coupled to 
the opening, wherein a packing material is d/sposed at a junction of the overburden 
casing and the opening. / 

3 142. The system of claim 3 125, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configurable to substantially inhibit 
a flow of fluid between the opening/and the overburden casing during use. 

3143. The system of claim 3125/ further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein /he packing material comprises cement. 

3 144. The system of clainv 3125, wherein the system is further configurable such that 
transferred heat can pyrolyze at least some hydrocarbons in the pyrolysis zone. 

3 145. An in situ method for heating a coal formation, comprising: 

heating a portion of the formation to a temperature sufficient to support reaction 
of hydrocarbons within the portion of the formation with an oxidizing fluid, wherein 
heating comprises applying an electrical current to at least one elongated member to 
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provide heat to the portion, and wherein at least the one elongated member is disposed 
within the opening; / 

providing the oxidizing fluid to a reaction zone in the formation; 

allowing the oxidizing fluid to react with at least a portion of the hydrocarbons at 
the reaction zone to generate heat at the reaction zone; and / 

transferring the generated heat substantially by conduction from the reaction zone 
to a pyrolysis zone in the formation. / 

3 146. The method of claim 3145, further comprising transporting the oxidizing fluid 
through the reaction zone by diffusion. / 

3 147. The method of claim 3 145, further comprising directing at least a portion of the 
oxidizing fluid into the opening through orifices of a conduit disposed in the opening. 

3 148. The method of claim 3145, further/comprising controlling a flow of the oxidizing 
fluid with critical flow orifices of a conduit disposed in the opening such that a rate of 
oxidation is controlled. / 

3 149. The method of claim 3 145, mrther comprising increasing a flow of the oxidizing 
fluid in the opening to accommodate an increase in a volume of the reaction zone such 
that a rate of oxidation is substantially constant over time within the reaction zone. 

3 1 50. The method of claim 3 x45, wherein a conduit is disposed in the opening, the 
method further comprising coaling the conduit with the oxidizing fluid to reduce heating 
of the conduit by oxidation./ 

3151. The method of cla/m 3 145, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit. / 
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3152. The method of claim 3145. wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and transferring heat from the oxidation product in the conduit to the 
oxidizing fluid in the conduit. / 

3 1 53. The method of claim 3 145, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit, wherein a flow rate of the oxidi/ing fluid in the conduit is approximately 
equal to a flow rate of the oxidation produ/t in the conduit. 

3 154. The method of claim 3 145, wherein a conduit is disposed within the opening, the 
method further comprising removing An oxidation product from the formation through 
the conduit and controlling a pressure between the oxidizing fluid and the oxidation 
product in the conduit to reduce contamination of the oxidation product by the oxidizing 
fluid. / 

3155. The method of claim 3 w5, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and substantially inhibiting the oxidation product from flowing into portions 
of the formation beyond theA-eaction zone. 

3 1 56. The method of claim 3 145, further comprising substantially inhibiting the 
oxidizing fluid from floWing into portions of the formation beyond the reaction zone. 

3 157. The method of alaim 3 145, wherein a center conduit is disposed within an outer 
conduit, and wherein the outer conduit is disposed within the opening, the method further 
comprising providing/the oxidizing fluid into the opening through the center conduit and 
removing an oxidation product through the outer conduit. 

3158. The method/of claim 3 145, wherein the portion of the formation extends radially 
from the opening a/width of less than approximately 0.2 m. 
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3159. The method of claim 3 145, further comprising removing water from the formation 
prior to heating the portion. / 

3 160. The method of claim 3 145, further comprising controlling the temperature of the 
formation to substantially inhibit production of oxi/aes of nitrogen during oxidation. 

3161. The method of claim 3 145, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is/disposed in an overburden of the 
formation. / 

3 162. The method of claim 3 145. furthei/comprising coupling an overburden casing to 
the opening, wherein the overburden cas/ng is disposed in an overburden of the 
formation, and wherein the overburdenrcasing comprises steel. 

3 163. The method of claim 3 145, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3 1 64. The method of claim 3 1 46, further comprising coupling an overburden casing to 
the opening, wherein a packing/material is disposed at a junction of the overburden 
casing and the opening. / 

3 165. The method of clainy 3 145, wherein the pyrolysis zone is substantially adjacent to 
the reaction zone. / 

3 166. A system configured to heat a coal formation, comprising: 

a heat exchanger/disposed external to the formation, wherein the heat exchanger 
is configured to heat an/oxidizing fluid during use; 

a conduit disposed in the opening, wherein the conduit is configured to provide 
the heated oxidizing fluid from the heat exchanger to at least a portion of the formation 
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during use, wherein the system is configured to allow hrat to transfer from the heated 
oxidizing fluid to at least the portion of the formationyauring use, and wherein the 
oxidizing fluid is selected to oxidize at least some hydrocarbons at a reaction zone in the 
formation during use such that heat is generated atAhe reaction zone; and 

wherein the system is configured to allow heat to transfer substantially by 
conduction from the reaction zone to a pyrolys/s zone of the formation during use. 

3167. The system of claim 3166, wherein /he oxidizing fluid is configured to generate 
heat in the reaction zone such that the oxiaizing fluid is transported through the reaction 
zone substantially by diffusion. / 

3 168. The system of claim 3 166, wl/erein the conduit comprises orifices, and wherein 
the orifices are configured to provide the oxidizing fluid into the opening. 

3 169. The system of claim 3 16©, wherein the conduit comprises critical flow orifices, 
and wherein the critical flow orafices are configured to control a flow of the oxidizing 
fluid such that a rate of oxidation in the formation is controlled. 

3 1 70. The system of claimr 3 166, wherein the conduit is further configured to be cooled 
with the oxidizing fluid such that the conduit is not substantially heated by oxidation. 

3171. The system of c/aim 3 166, wherein the conduit is further configured to remove an 
oxidation product. / 

3 1 72. The system of claim 3 166, wherein the conduit is further configured to remove an 
oxidation product, such that the oxidation product transfers heat to the oxidizing fluid. 

3 1 73. The system of claim 3 166, wherein the conduit is further configured to remove an 
oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit is 
approximately equal to a flow rate of the oxidation product in the conduit. 
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3174. The system of claim 3166. wherein the conduit is furtl/er configured to remove an 
oxidation product, and wherein a pressure of the oxidizing fluid in the conduit and a 
pressure of the oxidation product in the conduit are controlled to reduce contamination of 
the oxidation product by the oxidizing fluid. 

5 

3 175. The system of claim 3 166, wherein the conduit is further configured to remove an 
oxidation product, and w r herein the oxidation product is substantially inhibited from 
flowing into portions of the formation beyond the reaction zone. 

10 3 176. The system of claim 3 166, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation/beyond the reaction zone. 
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3 177. The system of claim 3 166, further comprising a center conduit disposed within 
the conduit, wherein the center conduit/is configured to provide the oxidizing fluid into 
the opening during use, and wherein t)ie conduit is further configured to remove an 
oxidation product during use. 

3 1 78. The system of claim 3 1 66/wherein the portion of the formation extends radially 
from the opening a width of lessAhan approximately 0.2 m. 

3 179. The system of claim 3/66, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 



25 3 180. The system of claim 3 166, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



3181. The system o 
30 the opening, wherein 



claim 3 166, further comprising an overburden casing coupled to 
the overburden casing is disposed in an overburden of the 



formation, and wherein the overburden casing is further disposed in cement. 
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3 1 82. The system of claim 3 166, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a/junction of the overburden 
casing and the opening. / 



3 1 83. The system of claim 3 166. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configured to substantially inhibit a 
flow of fluid between the opening and the/overburden casing during use. 

3 1 84. The system of claim 3 1 66, furtMer comprising an overburden casing coupled to 
the opening, wherein the overburden rasing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 



3185. A system configurable to heat a coal formation, comprising: 

a heat exchanger configurable to be disposed external to the formation, wherein 
the heat exchanger is further configurable to heat an oxidizing fluid during use; 

a conduit configurable to be disposed in the opening, wherein the conduit is 
further configurable to provide the heated oxidizing fluid from the heat exchanger to at 
least a portion of the formation during use, wherein the system is configurable to allow 
heat to transfer from the Meated oxidizing fluid to at least the portion of the formation 
during use, and whereinAhe system is further configurable to allow the oxidizing fluid to 
oxidize at least some hydrocarbons at a reaction zone in the formation during use such 
that heat is generated aft the reaction zone; and 

wherein the system is further configurable to allow heat to transfer substantially 



by conduction from t 



ie reaction zone to a pyrolysis zone of the formation during use. 



670 



Coniey, Rose& Tayon, P C. 



3 1 86. The system of claim 3 185, wherein the oxidizing fluid is configurable to generate 
heat in the reaction zone such that the oxidizing fluid is t/ansported through the reaction 
zone substantially by diffusion. 

3 1 87. The system of claim 3 1 85, wherein the condi/it comprises orifices, and wherein 
the orifices are configurable to provide the oxidizing fluid into the opening. 

3188. The system of claim 3 1 85, wherein the aonduit comprises critical flow orifices, 
and wherein the critical flow orifices are configurable to control a flow of the oxidizing 
fluid such that a rate of oxidation in the formation is controlled. 

3 1 89. The system of claim 3185, whereiiv the conduit is further configurable to be 
cooled with the oxidizing fluid such that /he conduit is not substantially heated by 
oxidation. 

3 1 90. The system of claim 3 1 85, wljerein the conduit is further configurable to remove 
an oxidation product. 

3191. The system of claim 3 1 85/wherein the conduit is further configurable to remove 
an oxidation product such that the oxidation product transfers heat to the oxidizing fluid. 

3 192. The system of claim 3 1^5, wherein the conduit is further configurable to remove 
an oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit is 
approximately equal to a flow rate of the oxidation product in the conduit. 



3 193. The system of claim 3 1 85, wherein the conduit is further configurable to remove 
an oxidation product, and wherein a pressure of the oxidizing fluid in the conduit and a 
pressure of the oxidation product in the conduit are controlled to reduce contamination of 
the oxidation product by /the oxidizing fluid. 
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3 194. The system of claim 3185, wherein the conduit is ftirtner configurable to remove 
an oxidation product, and wherein the oxidation product is ^substantially inhibited from 
flowing into portions of the formation beyond the reacticyf zone. 

3195. The system of claim 3185, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond/the reaction zone. 

3 1 96. The system of claim 3185, further comprising a center conduit disposed within 
the conduit, wherein center conduit is configu/able to provide the oxidizing fluid into the 
opening during use, and wherein the second/onduit is further configurable to remove an 
oxidation product during use. / 

3 1 97. The system of claim 3185, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

3 198. The system of claim 3 1 85, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. / 

3 1 99. The system of claim 3/85, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3200. The system of cla/m 3185, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and whereiry the overburden casing is further disposed in cement. 

320 1 . The system oy claim 3185, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 
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3202. The system of claim 3 185, further comprising an dverburden casing coupled to 
the opening, wherein the overburden casing is disposed/n an overburden of the 
formation, wherein a packing material is disposed at a/junction of the overburden casing 
and the opening, and wherein the packing material i/configurable to substantially inhibit 
a flow of fluid between the opening and the overburden casing during use. 

3203. The system of claim 3 185, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing i/disposed in an overburden of the 
formation, wherein a packing material is dis/osed at a junction of the overburden casing 
and the opening, and wherein the packing ifaaterial comprises cement. 



NDC (HEAT EXCHANGER PREHEATING METHOD) 

3204. An in situ method for heating a/coal formation, comprising: 

heating a portion of the forma/ion to a temperature sufficient to support reaction 
of hydrocarbons within the portion ofthe formation with an oxidizing fluid, wherein 
heating comprises: 

heating the oxidizing fluid/with a heat exchanger, wherein the heat exchanger is 
disposed external to the formation; 

providing the heated oxidizing fluid from the heat exchanger to the portion of the 

formation; and 

allowing heat to trans/er from the heated oxidizing fluid to the portion of the 
formation; 

providing the oxidizing fluid to a reaction zone in the formation; 

allowing the oxidi/ing fluid to react with at least a portion of the hydrocarbons at 
the reaction zone to gene/ate heat at the reaction zone; and 

transferring the generated heat substantially by conduction from the reaction zone 
to a pyrolysis zone in the formation. 



laim 3204, further comprising transporting the oxidizing fluid 



3205. The method of 
through the reaction zone by diffusion 
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3206. The method of claim 3204, further comprising directing it least a portion of the 
oxidizing fluid into the opening through orifices of a conduit disposed in the opening. 

3207. The method of claim 3204, further comprising controlling a flow of the oxidizing 
fluid with critical flow orifices of a conduit disposed ir/the opening such that a rate of 
oxidation is controlled. / 

3208. The method of claim 3204, further comprising increasing a flow of the oxidizing 
fluid in the opening to accommodate an increase in a volume of the reaction zone such 
that a rate of oxidation is substantially constant over time within the reaction zone. 

3209. The method of claim 3204, wherein a conduit is disposed in the opening, the 
method further comprising cooling the^conduit with the oxidizing fluid to reduce heating 
of the conduit by oxidation. / 

3210. The method of claim 3204f, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit. / 

3211. The method of claim 3204, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and transferring heat from the oxidation product in the conduit to the 
oxidizing fluid in the conduit. 

3212. The method pf claim 3204, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit, wherein a flow rate of the oxidizing fluid in the conduit is approximately 
equal to a flow rate of the oxidation product in the conduit. 

3213. The me/hod of claim 3204, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
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the conduit and controlling a pressure between the oxidizing fluid and the oxidation 
product in the conduit to reduce contamination of the oxidation product by the oxidizing 
fluid. 

5 3214. The method of claim 3204, wherein a conduit/s disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and substantially inhibiting the oxidation product from flowing into portions 
of the formation beyond the reaction zone. 

10 3215. The method of claim 3204, further comprising substantially inhibiting the 

oxidizing fluid from flowing into portions ot the formation beyond the reaction zone. 

3216. The method of claim 3204, wherein a center conduit is disposed within an outer 
conduit, and wherein the outer conduit Is disposed within the opening, the method further 

15 comprising providing the oxidizing fluid into the opening through the center conduit and 
removing an oxidation product throu/gh the outer conduit. 

3217. The method of claim 3204/ wherein the portion of the formation extends radially 
from the opening a width of less/han approximately 0.2 m. 

20 

3218. The method of claim 3/>04, further comprising removing water from the formation 
prior to heating the portion. 

3219. The method of claim 3204, further comprising controlling the temperature of the 
25 formation to substantial!/ inhibit production of oxides of nitrogen during oxidation. 



3220. The method of claim 3204, further comprising coupling an overburden casing to 
the opening, whereij/l the overburden casing is disposed in an overburden of the 
formation. 
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322 1 . The method of claim 3204, further comprising counting an overburden casing to 
the opening, wherein the overburden casing is disposed iiVan overburden of the 
formation, and wherein the overburden casing comprise/ steel. 

3222. The method of claim 3204. further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3223. The method of claim 3204, further comprising coupling an overburden casing to 
the opening, wherein a packing material is di/posed at a junction of the overburden 
casing and the opening. / 

3224. The method of claim 3204, wherdn the pyrolysis zone is substantially adjacent to 
the reaction zone. / 

3225. An in situ method for heating a coal formation, comprising: 

heating a portion of the formation to a temperature sufficient to support reaction 
of hydrocarbons within the portion If the formation with an oxidizing fluid, wherein 
heating comprises: / 

oxidizing a fuel gas in a heater, wherein the heater is disposed external to the 
formation; / 

providing the oxidized fuel gas from the heater to the portion of the formation; 
and / 

allowing heat to transfer from the oxidized fuel gas to the portion of the 
formation; / 

providing the oxidizing fluid to a reaction zone in the formation; 

allowing the oxidizing fluid to react with at least a portion of the hydrocarbons at 
the reaction zone to generaie heat at the reaction zone; and 

transferring the generated heat substantially by conduction from the reaction zone 
to a pyrolysis zone in the/formation. 
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3226. The method of claim 3225. further comprising transporting the oxidizing fluid 
through the reaction zone by diffusion. 

3227. The method of claim 3225, further comprising directing at least a portion of the 
oxidizing fluid into the opening through orifices of a oonduit disposed in the opening. 

3228. The method of claim 3225, further comprj/ing controlling a flow of the oxidizing 
fluid with critical flow orifices of a conduit disposed in the opening such that a rate of 
oxidation is controlled. 

3229. The method of claim 3225, further/comprising increasing a flow of the oxidizing 
fluid in the opening to accommodate an increase in a volume of the reaction zone such 
that a rate of oxidation is substantially constant over time within the reaction zone. 



77 15 3230. The method of claim 3225, wherein a conduit is disposed in the opening, the 
O method further comprising cooling the conduit with the oxidizing fluid to reduce heating 

01 

of the conduit by oxidation. 



323 1 . The method of claim 3225, wherein a conduit is disposed within the opening, the 
20 method further comprising removing an oxidation product from the formation through 
the conduit. 



25 



3232. The method of claim 3225, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and transferring heat from the oxidation product in the conduit to the 
oxidizing fluid in the qonduit. 



3233. The method of claim 3225, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 



30 the conduit, where 



n a flow rate of the oxidizing fluid in the conduit is approximately 



equal to a flow rate of the oxidation product in the conduit. 
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3234. The method of claim 3225, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product /rom the formation through 
the conduit and controlling a pressure between the oxidising fluid and the oxidation 
product in the conduit to reduce contamination of the oxidation product by the oxidizing 
fluid. / 

3235. The method of claim 3225, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and substantially inhibiting the oxidation product from flowing into portions 
of the formation beyond the reaction zone. / 

3236. The method of claim 3225, further comprising substantially inhibiting the 
oxidizing fluid from flowing into portions of the formation beyond the reaction zone. 

3237. The method of claim 3225, wyherein a center conduit is disposed within an outer 
conduit, and wherein the outer conduit is disposed within the opening, the method further 
comprising providing the oxidizing fluid into the opening through the center conduit and 
removing an oxidation product through the outer conduit. 

3238. The method of claim 3225, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

3239. The method of claim 3225, further comprising removing water from the formation 
prior to heating the portion. 

3240. The method of crlaim 3225, further comprising controlling the temperature of the 
formation to substantially inhibit production of oxides of nitrogen during oxidation. 
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3241 . The method of claim 3225. further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposecj/in an overburden of the 
formation. 

5 3242. The method of claim 3225. further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing Comprises steel. 

3243. The method of claim 3225, further comprising coupling an overburden casing to 
10 the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 
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3244. The method of claim 3225, funher comprising coupling an overburden casing to 
the opening, wherein a packing mate/ial is disposed at a junction of the overburden 
casing and the opening. 

3245. The method of claim 322^. wherein the pyro lysis zone is substantially adjacent to 
the reaction zone. 

3246. A system configured to freat a coal formation, comprising: 
an insulated conductor disposed within an open wellbore in the formation, 

wherein the insulated conductor is configured to provide radiant heat to at least a portion 
of the formation during use; glnd 

wherein the system ii configured to allow heat to transfer from the insulated 
conductor to a selected section of the formation during use. 

3247. The system of claim 3246, wherein the insulated conductor is further configured 
to generate heat during application of an electrical current to the insulated conductor 
during use. 



30 3248. The system of claim 3246, further comprising a support member, wherein the 
support member is configured to support the insulated conductor. 
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3249. The system of claim 3246, further comprising a support member and a centralizes 
wherein the support member is configured to support the/nsulated conductor, and 
wherein the centralizer is configured to maintain a location of the insulated conductor on 
the support member. / 

3250. The system of claim 3246, wherein the open wellbore comprises a diameter of at 
least approximately 5 cm. / 

325 1 . The system of claim 3246, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor comprises a low resistance conductor 
configured to generate substantially no hea£ 

3252. The system of claim 3246, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor comprises a rubber insulated 
conductor. / 

3253. The system of claim 3246, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the Lead-in conductor comprises a copper wire. 

3254. The system of claim 324fe, further comprising a lead-in conductor coupled to the 
insulated conductor with a cola pin transition conductor. 

3255. The system of claim 2246, further comprising a lead-in conductor coupled to the 
insulated conductor with a dold pin transition conductor, wherein the cold pin transition 
conductor comprises a substantially low resistance insulated conductor. 

3256. The system of claim 3246, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
material is disposed in a sheath. 
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3257. The system of claim 3246, wherein the insulated Conductor comprises a conductor 
disposed in an electrically insulating material, and wheyein the conductor comprises a 
copper-nickel alloy. 

3258. The system of claim 3246, wherein the insu/ated conductor comprises a conductor 
disposed in an electrically insulating material, wherein the conductor comprises a copper- 
nickel alloy, and wherein the copper-nickel alio/ comprises approximately 7 % nickel by 
weight to approximately 12 % nickel by weigl/t. 

3259. The system of claim 3246, wherein/he insulated conductor comprises a conductor 
disposed in an electrically insulating mate/ial, wherein the conductor comprises a copper- 
nickel alloy, and wherein the copper-nic/el alloy comprises approximately 2 % nickel by 
weight to approximately 6 % nickel byAveight. 

3260. The system of claim 3246, w/erein the insulated conductor comprises a conductor 
disposed in an electrically insulatiri material, and wherein the electrically insulating 
material comprises a thermally coAductive material. 

3261. The system of claim 3246, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
material comprises magnesium oxide. 

3262. The system of claiirf 3246, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein the electrically insulating material 
comprises magnesium ox/de, and wherein the magnesium oxide comprises a thickness of 
at least approximately 1 

3263. The system of claim 3246, wherein the insulated conductor comprises a conductor 
disposed in an electricilly insulating material, and wherein the electrically insulating 
material comprises aluminum oxide and magnesium oxide. 
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3264. The system of claim 3246. wherein the insulated /conductor comprises a conductor 
disposed in an electrically insulating material, wherein/ihe electrically insulating material 
comprises magnesium oxide, wherein the magnesium oxide comprises grain particles, 
and wherein the grain particles are configured to occupy porous spaces within the 
magnesium oxide. / 

3265. The system of claim 3246, wherein the/nsulated conductor comprises a conductor 
disposed in an electrically insulating material/ and wherein the electrically insulating 
material is disposed in a sheath, and wherein the sheath comprises a corrosion-resistant 
material. / 

3266. The system of claim 3246, wherefin the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
material is disposed in a sheath, and vperein the sheath comprises stainless steel. 

3267. The system of claim 3246, further comprising two additional insulated 
conductors, wherein the insulated conductor and the two additional insulated conductors 
are configured in a 3 -phase Y configuration. 

3268. The system of claim 3246, further comprising an additional insulated conductor, 
wherein the insulated conductor and the additional insulated conductor are coupled to a 
support member, and wherein ihe insulated conductor and the additional insulated 
conductor are configured in ^series electrical configuration. 

3269. The system of claim/3246, further comprising an additional insulated conductor, 
wherein the insulated conductor and the additional insulated conductor are coupled to a 
support member, and wherein the insulated conductor and the additional insulated 
conductor are configured An a parallel electrical configuration. 

3270. The system of claim 3246, wherein the insulated conductor is configured to 
generate radiant heat of approximately 500 W/m to approximately 1 150 W/m during use. 
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3271 . The system of claim 3246, further comprising a/support member configured to 
support the insulated conductor, wherein the support member comprises orifices 
configured to provide fluid flow through the support member into the open wellbore 
during use. / 

3272. The system of claim 3246, further comprising a support member configured to 
support the insulated conductor, wherein the ppport member comprises critical flow 
orifices configured to provide a substantially constant amount of fluid flow through the 
support member into the open wellbore du/ing use. 

3273. The system of claim 3246, further comprising a tube coupled to the insulated 
conductor, wherein the tube is configured to provide a flow of fluid into the open 
wellbore during use. / 

3274. The system of claim 3246, yfurther comprising a tube coupled to the insulated 
conductor, wherein the tube comprises critical flow orifices configured to provide a 
substantially constant amount of fluid flow through the support member into the open 
wellbore during use. / 

3275. The system of claim £246, further comprising an overburden casing coupled to 
the open wellbore, wherein/the overburden casing is disposed in an overburden of the 
formation. / 

3276. The system of cliim 3246, further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3277. The system of claim 3246, further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 
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3278. The system of claim 3246 ? further comprising an/overburden casing coupled to 
the open wellbore, wherein the overburden casing is di/posed in an overburden of the 
formation, and wherein a packing material is disposer at a junction of the overburden 
casing and the open wellbore. / 

3279. The system of claim 3246, further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casmg is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the open wellbore, and wherein the packing material is configured to substantially 
inhibit a flow of fluid between the open woflbore and the overburden casing during use. 

3280. The system of claim 3246, further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material/is disposed at a junction of the overburden casing 
and the open wellbore, and wherein the packing material comprises cement. 

3281. The system of claim 3246, further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, the system further comprising a wellhead, coupled to the overburden casing 
and a lead-in conductor coupler to the insulated conductor, wherein the wellhead is 
disposed external to the overburden, wherein the wellhead comprises at least one sealing 
flange, and wherein at least tme one sealing flange is configured to couple to the lead-in 
conductor. / 

3282. The system of claim 3246, wherein the system is further configured to transfer 
heat such that the transferred heat can pyrolyze at least some of the hydrocarbons in the 
selected section. / 

3283. A system configurable to heat a coal formation, comprising: 
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an insulated conductor configurable to be disposed within an open wellbore in the 
formation, wherein the insulated conductor is further configurable to provide radiant heat 
to at least a portion of the formation during use; and / 

wherein the system is configurable to allow Wat to transfer from the insulated 
conductor to a selected section of the formation during use. 

3284. The system of claim 3283, wherein the insulated conductor is further configurable 
to generate heat during application of an electr/cal current to the insulated conductor 
during use. / 

3285. The system of claim 3283, further aomprising a support member, wherein the 
support member is configurable to suppom the insulated conductor. 

3286. The system of claim 3283, further comprising a support member and a centralizer, 
wherein the support member is configurable to support the insulated conductor, and 
wherein the centralizer is configurab/e to maintain a location of the insulated conductor 
on the support member. / 

3287. The system of claim 3283( wherein the open wellbore comprises a diameter of at 
least approximately 5 cm. / 

3288. The system of claim 1283, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor comprises a low resistance conductor 
configurable to generate substantially no heat. 

3289. The system of cla/m 3283, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor comprises a rubber insulated 
conductor. / 

3290. The system ofclaim 3283, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor comprises a copper wire. 
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3291. The system of claim 3283, further comprising a/fead-in conductor coupled to the 
insulated conductor with a cold pin transition conductor. 

5 3292. The system of claim 3283. further comprising a lead-in conductor coupled to the 
insulated conductor with a cold pin transition conductor, wherein the cold pin transition 
conductor comprises a substantially low resistance insulated conductor. 

3293. The system of claim 3283, wherein the insulated conductor comprises a conductor 
10 disposed in an electrically insulating materi^fl, and wherein the electrically insulating 
material is disposed in a sheath. 



15 



3294. The system of claim 3283, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the conductor comprises a 
copper-nickel alloy. 



J3 
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3295. The system of claim 3283, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein the conductor comprises a copper- 
nickel alloy, and wherein the copper-nickel alloy comprises approximately 7 % nickel by 

20 weight to approximately 12 % nickel by weight. 

3296. The system of claim 32x3, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein the conductor comprises a copper- 
nickel alloy, and wherein the copper-nickel alloy comprises approximately 2 % nickel by 

25 weight to approximately 6 °AJ nickel by weight. 
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3297. The system of claim! 3283, wherein the insulated conductor comprises a conductor 



disposed in an electrically 



material comprises a therrr ally conductive material 



lsulating material, and wherein the electrically insulating 
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3298. The system of claim 3283, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
material comprises magnesium oxide. 

3299. The system of claim 3283, wherein the /nsulated conductor comprises a conductor 
disposed in an electrically insulating material/wherein the electrically insulating material 
comprises magnesium oxide, and wherein t/e magnesium oxide comprises a thickness of 
at least approximately 1 mm. 

3300. The system of claim 3283, wher/in the insulated conductor comprises a conductor 
disposed in an electrically insulating n/aterial, and wherein the electrically insulating 
material comprises aluminum oxide dnd magnesium oxide. 

3301 . The system of claim 3283, Xherein the insulated conductor comprises a conductor 
disposed in an electrically insulati/g material, wherein the electrically insulating material 
comprises magnesium oxide, wh/rein the magnesium oxide comprises grain particles, 
and wherein the grain particles a(e configurable to occupy porous spaces within the 
magnesium oxide. 

3302. The system of claim 3^83, wherein the insulated conductor comprises a conductor 
disposed in an electrically irlulating material, and wherein the electrically insulating 
material is disposed in a sh/ath, and wherein the sheath comprises a corrosion-resistant 
material. 

3303. The system of dim 3283, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
material is disposed in I sheath, and wherein the sheath comprises stainless steel. 

3304. The system of/claim 3283, further comprising two additional insulated 
conductors, wherein tie insulated conductor and the two additional insulated conductor- 
are configurable in a B -phase Y configuration. 
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3305. The system of claim 3283, further comprising an additional insulated conductor, 
wherein the insulated conductor and the additional insdlated conductor are coupled to a 
support member, and wherein the insulated conductor and the additional insulated 
conductor are configurable in a series electrical configuration. 



10 



3306. The system of claim 3283, further composing an additional insulated conductor, 
wherein the insulated conductor and the additional insulated conductor are coupled to a 
support member, and wherein the insulated conductor and the additional insulated 
conductor are configurable in a parallel elec/rical configuration. 



3307. The system of claim 3283, wherein the insulated conductor is configurable to 
generate radiant heat of approximately 500 W/m to approximately 1 150 W/m during use. 



En 



15 3308. The system of claim 3283, further comprising a support member configurable to 
support the insulated conductor, wherein the support member comprises orifices 
configurable to provide fluid flow through the support member into the open wellbore 
during use. 



\2 20 3309. The system of claim 3283/ further comprising a support member configurable to 
D support the insulated conductor, Avherein the support member comprises critical flow 

orifices configurable to provide/a substantially constant amount of fluid flow through the 

support member into the open wellbore during use. 

25 3310. The system of claim 3£83, further comprising a tube coupled to the insulated 
conductor, wherein the tube /s configurable to provide a flow of fluid into the open 
wellbore during use. 



3311. The system of claim 3283, further comprising a tube coupled to the first insulated 
30 conductor, wherein the tube comprises critical flow orifices configurable to provide a 
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substantially constant amount of fluid flow through the support member into the open 
wellbore during use. 

3312. The system of claim 3283, further comprisingAn overburden casing coupled to 
the open wellbore. wherein the overburden casing indisposed in an overburden of the 
formation. 



10 



3313. The system of claim 3283, further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 
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3314. The system of claim 3283, furthe/ comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden! casing is further disposed in cement. 

3315. The system of claim 3283, mrther comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the open wellbore. 

3316. The system of claim 3283, further comprising an overburden casing coupled to 
the open wellbore, wherein me overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the open wellbore, ana wherein the packing material is configurable to substantially 
inhibit a flow of fluid between the open wellbore and the overburden casing during use. 



30 



33 17. The system of dlaim 3283, further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the open wellbore, and wherein the packing material comprises cement. 
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3318. The system of claim 3283. further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, the system further comprising a wellhead cdupled to the overburden casing 
and a lead-in conductor coupled to the insulated conductor, wherein the wellhead is 
disposed external to the overburden, wherein the wellhead comprises at least one sealing 
flange, and wherein at least the one sealing flange /s configurable to couple to the lead-in 
conductor. 

3319. The system of claim 3283, wherein tlWsystem is further configured to transfer 
heat such that the transferred heat can pyroly/e at least some hydrocarbons in the selected 
section. 



3320. An in situ method for heating a coal formation, comprising: 

applying an electrical current to an insulated conductor to provide radiant heat to 
15 at least a portion of the formation, wherein the insulated conductor is disposed within an 

open wellbore in the formation; and 

allowing the radiant heat to t/ansfer from the insulated conductor to a selected 

section of the formation. 



20 3321. The method of claim 332jD, further comprising supporting the insulated conductor 
on a support member. 



25 



3322. The method of claim 2B20, further comprising supporting the insulated conductor 
on a support member and maintaining a location of the insulated conductor on the support 
member with a centralizer. 



30 
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23. The method of claim 3320, wherein the insulated conductor is coupled to two 
additional insulated conductors, wherein the insulated conductor and the two insulated 
conductors are disposed within the open wellbore, and wherein the three insulated 
conductors are electrically coupled in a 3-phase Y configuration. 
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3324. The method of claim 3320, wherein an additional ululated conductor is disposed 
within the open wellbore. / 

3375 The method of claim 3320, wherein an additi/nal insulated conductor is disposed 
within the open wellbore, and wherein the insulate/conductor and the additional 
insulated conductor are electrically coupled in a series configuration. 

3326 The method of claim 3320, wherein an/additional insulated conductor is disposed 
within the open wellbore, and wherein the in/ulated conductor and the additional 
insulated conductor are electrically coupled/n a parallel configuration. 

3327. The method of claim 3320. where/n the provided heat comprises approximately 
500 W/m to approximately 1 150 W/m. / 

3328 The method of claim 3320, wrlrein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, and wherein the conductor 
comprises a copper-nickel alloy. / 

3329. The method of claim 332o( wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein the conductor 
comprises a copper-nickel alloy/ and wherein the copper-nickel alloy comprises 
approximately 7 % nickel by Jeight to approximately 12 % nickel by we.ght. 

3330 The method of claim 1 320, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein the conductor 
comprises a copper-nickel illoy. and wherein the copper-nickel alloy comprises 
approximately 2 % nickel iy weight to approximately 6 % nickel by weight. 

3331 The method of cllim 3320, wherein the insulated conductor comprises a 
conductor disposed in J electrically insulating material, and wherein the electrically 
insulating material comprises magnesium oxide. 
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3332. The method of claim 3320, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein the electrically 
insulating material comprises magnesium oxide, ami wherein the magnesium oxide 
comprises a thickness of at least approximately lAnm. 



10 
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3333. The method of claim 3320, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, and wherein the electrically 
insulating material comprises aluminum ox/de and magnesium oxide. 

3334. The method of claim 3320, where/n the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein the electrically . 
insulating material comprises magnesium oxide, wherein the magnesium oxide comprises 
grain particles, and wherein the grain particles are configured to occupy porous spaces 
within the maenesium oxide. 



20 



3335. The method of claim 3320/wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein the insulating material 
is disposed in a sheath, and wherein the sheath comprises a corrosion-resistant material. 

3336. The method of claim 3620, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein the insulating material 
is disposed in a sheath, and wherein the sheath comprises stainless steel. 



25 3337. The method of claim 3320, further comprising supporting the insulated conductor 
on a support member and Rowing a fluid into the open wellbore through an orifice in the 
support member. 



3338. The method of clfaim 3320, further comprising supporting the insulated conductor 



30 on a support member ai 



wellbore through critics 



d flowing a substantially constant amount of fluid into the open 
1 flow orifices in the support member. 
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oc is disposed in the open 
further comprising flowing a 

3340. The method of claim 3320, wherein a tube is/lisposed in the open wellbore 
proximate to the insulated conductor, the method further comprising flowing a 
substantially constant amount a fluid into the open wellbore through critical flow orifices 
in the tube. / 

3341. The method of claim 3320, further comprising supporting the insulated conductor 
on a support member and flowing a corrosion inhibiting fluid into the open wellbore 
through an orifice in the support member. / 

3342. The method of claim 3320, wherein a perforated tube is disposed in the open 
wellbore proximate to the insulated conductor, the method further comprising flowing a 
corrosion inhibiting fluid into the opefi wellbore through the perforated tube. 

3343. The method of claim 3320, further comprising determining a temperature 
distribution in the insulated conductor using an electromagnetic signal provided to the 
insulated conductor. / 

3344. The method of claim 3 J20, further comprising monitoring a leakage current of the 
insulated conductor. / 

3345. The method of claim 3320, further comprising monitoring the applied electrical 
current. / 

3346. The method of claim 3320, further comprising monitoring a voltage applied to the 
insulated conductor. 



3339. The method of claim 3320, wherein a perforated ti 
wellbore proximate to the insulated conductor, the methoi 
fluid into the open wellbore through the perforated tube/ 



693 



Conley, Rose & Tayon, P C. 



5 s 



10 



15 



3347. The method of claim 3320, further comprising monitoring a temperature in the 
insulated conductor with at least one thermocouple. 



3348. The method of claim 3320, further comprising electrically coupling a lead-in 
conductor to the insulated conductor, wherein the leadyln conductor comprises a low 
resistance conductor configured to generate substantially no heat. 

3349. The method of claim 3320, further compris/ng electrically coupling a lead-in 
conductor to the insulated conductor using a coldmin transition conductor. 

3350. The method of claim 3320, further comprising electrically coupling a lead-in 
conductor to the insulated conductor using a d)ld pin transition conductor, wherein the 
cold pin transition conductor comprises a substantially low resistance insulated 
conductor. 

335 1 . The method of claim 3320, further Comprising coupling an overburden casing to 
the open wellbore, wherein the overburdep casing is disposed in an overburden of the 
formation. 



20 3352. The method of claim 3320, farmer comprising coupling an overburden casing to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3353. The method of claim 3320,/farther comprising coupling an overburden casing to 
25 the open wellbore, wherein the overburden casing is disposed in an overburden of the 

formation, and wherein the overburden casing is further disposed in cement. 

3354. The method of claim 3i20, further comprising coupling an overburden casing to 
the open wellbore. wherein the overburden casing is disposed in an overburden of the 

30 formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the open wellbore 
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3355. The method of claim 3320, further comprising coupling an overburden casing to 
the open wellbore, wherein the overburden casing is di/posed in an overburden of the 
formation, and wherein the method further comprises/inhibiting a flow of fluid between 
the open wellbore and the overburden casing with a/packing material. 

3356. The method of claim 3320. further comprising heating at least the portion of the 
formation to pyrolyze at least some hydrocarbons within the formation. 

3357. An in situ method for heating a coal formation, comprising; 

applying an electrical current to an insulated conductor to provide heat to at least 
a portion of the formation, wherein the insulated conductor is disposed within an opening 
in the formation; and / 

allowing the heat to transfer from the insulated conductor to a section of the 
formation. / 

3358. The method of claim 3357, fipher comprising supporting the insulated conductor 
on a support member. / 

3359. The method of claim 3357( further comprising supporting the insulated conductor 
on a support member and maintaining a location of the first insulated conductor on the 
support member with a centralizes 

3360. The method of claim 3p57, wherein the insulated conductor is coupled to two 
additional insulated conductors, wherein the insulated conductor and the two insulated 
conductors are disposed witlilin the opening, and wherein the three insulated conductors 
are electrically coupled in a/3-phase Y configuration. 

3361. The method of claim 3357, wherein an additional insulated conductor is disposed 
within the opening. 
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3362. The method of claim 3357, wherein an additional insulated conductor is disposed 
within the opening, and wherein the insulated conductor and the additional insulated 
conductor are electrically coupled in a series configuration. 

5 3363. The method of claim 3357, wherein an additional insulated conductor is disposed 
within the opening, and wherein the insulated conductor and the additional insulated 
conductor are electrically coupled in a parallel configuration. 

3364. The method of claim 3357, wherein tpe provided heat comprises approximately 
10 500 W/m to approximately 1 150 W/m. 

3365. The method of claim 3357, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, and wherein the conductor 
comprises a copper-nickel alloy. 
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3366. The method of claim 3357, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein the conductor 
comprises a copper-nickel alloy, and wherein the copper-nickel alloy comprises 
approximately 7 % nickel by weight to approximately 12 % nickel by weight. 

3367. The method of claim 3367, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein the conductor 
comprises a copper-nickel alLoy, and wherein the copper-nickel alloy comprises 
approximately 2 % nickel by weight to approximately 6 % nickel by weight. 

3368. The method of claim 3357, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, and wherein the electrically 
insulating material comprises magnesium oxide. 



30 3369. The method of claim 3357, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein the electrically 
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insulating material comprises magnesium oxide, and wlyerein the magnesium oxide 
comprises a thickness of at least approximately 1 mm. 

3370. The method of claim 3357, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating ma/erial, and wherein the electrically 
insulating material comprises aluminum oxide anfU magnesium oxide. 

3371 . The method of claim 3357, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein the electrically 
insulating material comprises magnesium oxide, wherein the magnesium oxide comprises 
grain particles, and wherein the grain part/cles are configured to occupy porous spaces 
within the magnesium oxide. 

3372. The method of claim 3357, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein the insulating material 
is disposed in a sheath, and wherein iche sheath comprises a corrosion-resistant material. 

3373. The method of claim 3357/wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein the insulating material 
is disposed in a sheath, and wheyein the sheath comprises stainless steel. 

3374. The method of claim 3/57, further comprising supporting the insulated conductor 
on a support member and flowing a fluid into the opening through an orifice in the 
support member. 

3375. The method of claim 3357, further comprising supporting the insulated conductor 
on a support member and flowing a substantially constant amount of fluid into the 
opening through critical flow orifices in the support member. 
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3376. The method of claim 3357. wherein a perforated tube is disposed in the opening 
proximate to the insulated conductor, the method further comprising flowing a fluid into 
the opening through the perforated tube. / . 

3377. The method of claim 3357, wherein/a tube is disposed in the opening proximate to 
the insulated conductor, the method further comprising flowing a substantially constant 
amount a fluid into the opening through/;ritical flow orifices in the tube. 

3378. The method of claim 3357, further comprising supporting the insulated conductor 
on a support member and flowing a Corrosion inhibiting fluid into the opening through an 
orifice in the support member. / 

3379. The method of claim 335^, wherein a perforated tube is disposed in the opening 
proximate to the insulated cond/ictor, the method further comprising flowing a corrosion 
inhibiting fluid into the opening through the perforated tube. 

3380. The method of claim 3357, further comprising determining a temperature 
distribution in the insulatea conductor using an electromagnetic signal provided to the 
insulated conductor. / 

3381 . The method of claim 3357, further comprising monitoring a leakage current of the 
insulated conductor. / 

3382. The method bf claim 3357, further comprising monitoring the applied electrical 
current. / 

3383. The method of claim 3357, further comprising monitoring a voltage applied to the 
insulated condudtor. 

3384. The method of claim 3357, further comprising monitoring a temperature in the 
insulated conductor with at least one thermocouple. 
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3385. The method of claim 3357, further comprising electrically coupling a lead-in 
conductor to the insulated conductor, wherein/the lead-in conductor comprises a low 
resistance conductor configured to generate ^substantially no heat. 

3386. The method of claim 3357, further comprising electrically coupling a lead-in 
conductor to the insulated conductor usmg a cold pin transition conductor. 

3387. The method of claim 3357, further comprising electrically coupling a lead-in 
conductor to the insulated conductor using a cold pin transition conductor, wherein the 
cold pin transition conductor comprises a substantially low resistance insulated 
conductor. / 

3388. The method of claim 3357, further comprising coupling an overburden casing to 
the opening, wherein the oveipurden casing is disposed in an overburden of the 
formation. / 

3389. The method of claim 3357, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein tine overburden casing comprises steel. 

3390. The method of/claim 3357, further comprising coupling an overburden casing to 
the opening, wherein ifhe overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3391 . The method of claim 3357, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 
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3392. The method of claim 3357. further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the method further comprises inhibiting a flow of fluid between 
the opening and the overburden casing with a packing material. 

3393. The method of claim 3357, further cc/mprising heating at least the portion of the 
formation to substantially pyrolyze at leas/some hydrocarbons within the formation. 
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3394. A system configured to heat a c<6al formation, comprising: 

an insulated conductor disposed within an opening in the formation, wherein the 
insulated conductor is configured to provide heat to at least a portion of the formation 
during use. wherein the insulated conductor comprises a copper-nickel alloy, and wherein 
the copper-nickel alloy comprises^pproximately 7 % nickel by weight to approximately 
12 % nickel by weight; and 

wherein the system is configured to allow heat to transfer from the insulated 
conductor to a selected section/of the formation during use. 

3395. The system of claim £394, wherein the insulated conductor is further configured 
to generate heat during app/ication of an electrical current to the insulated conductor 
during use. 

3396. The system of clAim 3394. further comprising a support member, wherein the 
support member is configured to support the insulated conductor. 



25 3397. The system ot claim 3394, further comprising a support member and a centralizer, 
wherein the support /member is configured to support the insulated conductor, and 
wherein the centralizer is configured to maintain a location of the insulated conductor on 
the support member. 



30 3398. The systejn of claim 3394, wherein the opening comprises a diameter of at least 
approximately 5 pm. 
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3399. The system of claim 3394, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in condi/ctor comprises a low resistance conductor 
configured to generate substantially no heat. 

5 I 

3400. The system of claim 3394, further aomprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor comprises a rubber insulated 
conductor. 

10 3401. The system of claim 3394, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-m conductor comprises a copper wire. 
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3402. The system of claim 3394, further comprising a lead-in conductor coupled to the 
insulated conductor with a cold pin transition conductor. 

3403. The system of claim 3394,/further comprising a lead-in conductor coupled to the 
insulated conductor with a cold pin transition conductor, wherein the cold pin transition 
conductor comprises a substantially low resistance insulated conductor. 

3404. The system of claim 3 J94, wherein the copper-nickel alloy is disposed in an 
electrically insulating material and wherein the electrically insulating material comprises 
a thermally conductive material. 



3405. The system of claim 3394, wherein the copper-nickel alloy is disposed in an 
25 electrically insulating material, and wherein the electrically insulating material comprises 
magnesium oxide. 
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3406. The system of claim 3394, wherein the copper-nickel alloy is disposed in an 
electrically insulating rnaterial, wherein the electrically insulating material comprises 
magnesium oxide, and jvherein the magnesium oxide comprises a thickness of at least 
approximately 1 mm. 
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3407. The system of claim 3394, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, and wherein the electrically insulating material comprises 
aluminum oxide and magnesium oxide. / 

3408. The system of claim 3394, wherein the>6opper-nickel alloy is disposed in an 
electrically insulating material wherein the electrically insulating material comprises 
magnesium oxide, wherein the magnesium/oxide comprises grain particles, and wherein 
the grain particles are configured to occut/y porous spaces within the magnesium oxide. 

3409. The system of claim 3394, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherean the electrically insulating material is disposed in 
a sheath, and wherein the sheath comprises a corrosion-resistant material. 

3410. The system of claim 3394/wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the electrically insulating material is disposed in 
a sheath, and wherein the sheatM comprises stainless steel. 

3411. The system of claim 3694, further comprising two additional insulated 
conductors, wherein the insulated conductor and the two additional insulated conductors 
are configured in a 3 -phase k configuration. 

3412. The system of claim 3394, further comprising an additional insulated conductor, 
wherein the insulated conductor and the additional insulated conductor are coupled to a 
support member, and wnerein the insulated conductor and the additional insulated 
conductor are configured in a series electrical configuration. 

3413. The system of claim 3394, further comprising an additional insulated conductor, 
wherein the insulated conductor and the additional insulated conductor are coupled to a 
support member, and wherein the insulated conductor and the additional insulated 
conductor are configured in a parallel electrical configuration. 
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3414. The system of claim 3394, wherein the insulated conductor is configured to 
generate radiant heat of approximately 500 W/m to Approximately 1 150 W/m during use. 

5 341 5. The system of claim 3394, further comprising a support member configured to 
support the insulated conductor, wherein the support member comprises orifices 
configured to provide fluid flow through theysupport member into the opening during use. 

3416. The system of claim 3394, furthe/comprising a support member configured to 
10 support the insulated conductor, wherein the support member comprises critical flow 
orifices configured to provide a substantially constant amount of fluid flow through the 
support member into the opening dumng use. 



go 
□ 

tn 

o 

fy 20 

4= 

o 



341 7. The system of claim 3394,/further comprising a tube coupled to the insulated 
conductor, wherein the tube is co/ifigured to provide a flow of fluid into the opening 
during use. 

3418. The system of claim 3i94, further comprising a tube coupled to the insulated 
conductor, wherein the tube aomprises critical flow orifices configured to provide a 
substantially constant amount of fluid flow through the support member into the opening 
during use. 



3419. The system of claim 3394, further comprising an overburden casing coupled to 
the opening, wherein th^ overburden casing is disposed in an overburden of the 

25 formation. 

3420. The system otf claim 3394, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and whe/ein the overburden casing comprises steel. 

30 
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342 1 . The system of claim 3394, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is dispo/ed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3422. The system of claim 3394, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing isr disposed in an overburden of the 
formation, and wherein a packing material ys disposed at a junction of the overburden 
casing and the opening. 
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10 3423. The system of claim 3394. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing materia/! is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configured to substantially inhibit a 
flow of fluid between the opening and the overburden casing during use. 
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3424. The system of claim 339A, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing/material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 



3425. The system of claim 3394, further comprising an overburden casing coupled to 
the opening, wherein the/overburden casing is disposed in an overburden of the 
formation, the system rarther comprising a wellhead coupled to the overburden casing 
and a lead-in conductor coupled to the insulated conductor, wherein the wellhead is 
25 disposed external to the overburden, wherein the wellhead comprises at least one sealing 
flange, and wherein /it least the one sealing flange is configured to couple to the lead-in 
conductor. 



3426. The system of claim 3394, wherein the system is further configured to transfer 
heat such that th^ transferred heat can pyrolyze at least some hydrocarbons in the selected 
section. 
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3427. A system configurable to heat a coal formation, comprising: 

an insulated conductor configurable to be/disposed within an opening in the 
formation, wherein the insulated conductor is mrther configurable to provide heat to at 
least a portion of the formation during use, wherein the insulated conductor comprises a 
copper-nickel alloy, and wherein the copper-nickel alloy comprises approximately 7 % 
nickel by weight to approximately 12 % /ickel by weight; 

wherein the system is configurable to allow heat to transfer from the insulated 
conductor to a selected section of the formation during use. 

3428. The system of claim 3427,/vherein the insulated conductor is further configurable 
to generate heat during application of an electrical current to the insulated conductor 
during use. / 

3429. The system of claim /427, further comprising a support member, wherein the 
support member is configurable to support the insulated conductor. 

3430. The system of clafim 3427, further comprising a support member and a centralizer, 
wherein the support member is configurable to support the insulated conductor, and 
wherein the centralize/ is configurable to maintain a location of the insulated conductor 
on the support member. 

343 1 . The system of claim 3427, wherein the opening comprises a diameter of at least 
approximately 5 cm. 

3432. The system of claim 3427, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor comprises a low resistance conductor 
configurableAo generate substantially no heat. 
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3433. The system of claim 3427, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor comprises a rubber insulated 
conductor. 



5 3434. The system of claim 3427, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor comprises a copper wire. 

3435. The system of claim 3427, further comprising a lead-in conductor coupled to the 
insulated conductor with a cold pin transition conductor. 



10 



3436. The system of claim 3427, further comprising a lead-in conductor coupled to the 
insulated conductor with a cold/pin transition conductor, wherein the cold pin transition 
conductor comprises a substantially low resistance insulated conductor. 



o 



15 3437. The system of claim 3427, wherein the copper- nickel alloy is disposed in an 

electrically insulating ma/erial, and wherein the electrically insulating material comprises 
a thermally conductive material. 

3438. The system of/claim 3427, wherein the copper-nickel alloy is disposed in an 

20 electrically insulating material, and wherein the electrically insulating material comprises 
magnesium oxide. 

3439. The system of claim 3427, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the electrically insulating material comprises 

25 magnesium oxide, and wherein the magnesium oxide comprises a thickness of at least 
approximately I mm. 
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3440. The syjstem of claim 3427, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, and wherein the electrically insulating material comprises 
aluminum oxfide and magnesium oxide. 
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3441. The system of claim 3427, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the electrically insulating material comprises 
magnesium oxide, wherein the magnesium oxide comprises grain particles, and wherein 
the grain particles are configurable to occupy po/ous spaces within the magnesium oxide. 

3442. The system of claim 3427, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the electrically insulating material is disposed in 
a sheath, and wherein the sheath comprises a corrosion-resistant material. 

3443. The system of claim 3427, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the electrically insulating material is disposed in 
a sheath, and wherein the sheath comprises stainless steel. 

3444. The system of claim 3427, fiurther comprising two additional insulated 
conductors, wherein the insulated conductor and the two additional insulated conductors 
are configurable in a 3 -phase Y configuration. 

3445. The system of claim 34^, further comprising an additional insulated conductor, 
wherein the insulated conductor and the additional insulated conductor are coupled to a 
support member, and whereinAhe insulated conductor and the additional insulated 
conductor are configurable in a series electrical configuration. 

3446. The system of claim 3427, further comprising an additional insulated conductor, 
wherein the insulated conductor and the additional insulated conductor are coupled to a 
support member, and whpein the insulated conductor and the additional insulated 
conductor are configurable in a parallel electrical configuration. 

3447. The system of claim 3427, wherein the insulated conductor is configurable to 
generate radiant heat pf approximately 500 W/m to approximately 1 150 W/m during use. 
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3448. The system of claim 3427, further comprising a support member configurable to 
support the insulated conductor, wherein the support member comprises orifices 
configurable to provide fluid flow through tfye support member into the open wellbore 
during use. 



10 
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3449. The system of claim 3427, furth/r comprising a support member configurable to 
support the insulated conductor, wherein the support member comprises critical flow 
orifices configurable to provide a substantially constant amount of fluid flow through the 
support member into the opening during use. 

3450. The system of claim 342x further comprising a tube coupled to the insulated 
conductor, wherein the tube is configurable to provide a flow of fluid into the opening 
during use. 



O 



1 5 345 1 . The system of claim M27, further comprising a tube coupled to the insulated 
conductor, wherein the tuber comprises critical flow orifices configurable to provide a 
substantially constant amount of fluid flow through the support member into the opening 
during use. 



s « 20 3452. The system of daim 3427, further comprising an overburden casing coupled to 
P the opening, wherein J/ne overburden casing is disposed in an overburden of the 

formation. 

3453. The system /of claim 3427, further comprising an overburden casing coupled to 
25 the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wnerein the overburden casing comprises steel. 



30 



3454. The system of claim 3427, further comprising an overburden casing coupled to 
the opening, wWerein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 
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3455. The system of claim 3427, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is di/posed at a junction of the overburden 
casing and the opening. 



10 



3456. The system of claim 3427. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material indisposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configurable to substantially inhibit 
a flow of fluid between the opening amd the overburden casing during use. 



o 
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3457. The system of claim 3427, ftirther comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 

15 and the opening, and wherein the packing material comprises cement. 

3458. The system of claim 3427, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, the system further comprising a wellhead coupled to the overburden casing 

20 and a lead-in conductor coupled to the insulated conductor, wherein the wellhead is 

disposed external to the overburden, wherein the wellhead comprises at least one sealing 
flange, and wherein at lejlst the one sealing flange is configurable to couple to the lead-in 
conductor. 



25 3459. The system of claim 3427, wherein the system is further configured to transfer 
heat such that the transferred heat can pyrolyze at least some hydrocarbons in the selected 
section. 



3460. An in situ nkthod for heating a coal formation, comprising: 

applying an electrical current to an insulated conductor to provide heat to at least 
a portion of the to: mation, wherein the insulated conductor is disposed within an opening 
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in the formation, and wherein the insulated conductor comprises a copper-nickel alloy of 
approximately 7 % nickel by weight to approximately 12 % nickel by weight; and 

allowing the heat to transfer from the/insulated conductor to a selected section of 
the formation. 

3461 . The method of claim 3460, furtl^r comprising supporting the insulated conductor 
on a support member. 

3462. The method of claim 3460,/iiirther comprising supporting the insulated conductor 
10 on a support member and maintaining a location of the first insulated conductor on the 

support member with a centralizes 



m 
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3463. The method of claim ?460, wherein the insulated conductor is coupled to two 
additional insulated conductors, wherein the insulated conductor and the two insulated 
conductors are disposed wi/hin the opening, and wherein the three insulated conductors 
are electrically coupled in/a 3-phase Y configuration. 



O 
si 
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3464. The method of c^laim 3460, wherein an additional insulated conductor is disposed 
within the opening. 

3465. The method fif claim 3460, wherein an additional insulated conductor is disposed 
within the openingYand wherein the insulated conductor and the additional insulated 
conductor are eledtrically coupled in a series configuration. 



25 3466. The metnod of claim 3460, wherein an additional insulated conductor is disposed 
within the opening, and wherein the insulated conductor and the additional insulated 
conductor are electrically coupled in a parallel configuration. 



3467. The 
30 500 W/m to 



lethod of claim 3460, wherein the provided heat comprises approximately 
approximately 1 150 W/m. 
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3468. The method of claim 3460, wherein the/copper-nickel alloy is disposed in an 
electrically insulating material. / 

3469. The method of claim 3460, wherein/the copper-nickel alloy is disposed in an 
electrically insulating material and wherein the electrically insulating material comprises 
magnesium oxide. / 

3470. The method of claim 3460, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, whe/ein the electrically insulating material comprises 
magnesium oxide, and wherein the/magnesium oxide comprises a thickness of at least 
approximately 1 mm. / 

3471 . The method of claim 3460, wherein the copper-nickel alloy is disposed in an 
electrically insulating material/and wherein the electrically insulating material comprises 
aluminum oxide and magnesium oxide. 

3472. The method of clairn 3460, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the electrically insulating material comprises 
magnesium oxide, wherein the magnesium oxide comprises grain particles, and wherein 
the grain particles are configured to occupy porous spaces within the magnesium oxide. 

3473. The method of Claim 3460, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the insulating material is disposed in a sheath, 
and wherein the sheatfn comprises a corrosion-resistant material. 

3474. The method bf claim 3460, wherein the copper-nickel alloy is disposed in an 
electrically insulatiAg material, wherein the insulating material is disposed in a sheath, 
and wherein the sheath comprises stainless steel. 
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3475. The method of claim 3460, further comprising supporting the insulated conductor 
on a support member and flowing a fluid into th^opening through an orifice in the 
support member. 

5 3476. The method of claim 3460 ; further comprising supporting the insulated conductor 
on a support member and flowing a substantially constant amount of fluid into the 
opening through critical flow orifices in tMe support member. 

3477. The method of claim 3460, whefrein a perforated tube is disposed in the opening 
10 proximate to the insulated conductor. /he method further comprising flowing a fluid into 
the opening through the perforated tube. 



15 



3478, The method of claim 3460,Avherein a tube is disposed in the opening proximate to 
the insulated conductor, the method further comprising flowing a substantially constant 
amount a fluid into the opening through critical flow orifices in the tube. 



20 



3479. The method of claim 3460 ? further comprising supporting the insulated conductor 
on a support member and flowpg a corrosion inhibiting fluid into the opening through an 
orifice in the support member.] 

3480. The method of claim B460, wherein a perforated tube is disposed in the opening 
proximate to the insulated conductor, the method further comprising flowing a corrosion 
inhibiting fluid into the opening through the perforated tube. 



25 348 1 . The method of claftn 3460, further comprising determining a temperature 

distribution in the insulatf d conductor using an electromagnetic signal provided to the 
insulated conductor. 



3482. The method of qflaim 3460, further comprising monitoring a leakage current of the 
30 insulated conductor. 
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3483. The method of claim 3460, further compris/ng monitoring the applied electrical 
current. 

3484. The method of claim 3460, further comprising monitoring a voltage applied to the 
insulated conductor. 

3485. The method of claim 3460, further comprising monitoring a temperature in the 
insulated conductor with at least one thermocouple. 

3486. The method of claim 3460, further comprising electrically coupling a lead-in 
conductor to the insulated conductor. Wherein the lead-in conductor comprises a low 
resistance conductor configured to generate substantially no heat. 

3487. The method of claim 3460, further comprising electrically coupling a lead-in 
conductor to the insulated conductor using a cold pin transition conductor. 

3488. The method of claim 346a, further comprising electrically coupling a lead-in 
conductor to the insulated conductor using a cold pin transition conductor, wherein the 
cold pin transition conductor comprises a substantially low resistance insulated 
conductor. 

3489. The method of claim 3/460, further comprising coupling an overburden casing to 
the opening, wherein the oveyburden casing is disposed in an overburden of the 
formation. 

3490. The method of claiiA 3460, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein thfe overburden casing comprises steel. 
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3491 . The method of claim 3460, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3492. The method of claim 3460, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing/is disposed in an overburden of the 
formation, and wherein a packing materia/is disposed at a junction of the overburden 
casing and the opening, / 

3493. The method of claim 3460, furper comprising coupling an overburden casing to 
the opening, wherein the overburden basing is disposed in an overburden of the 
formation, and wherein the method fiurther comprises inhibiting a flow of fluid between 
the opening and the overburden cas/ng with a packing material. 

3494. The method of claim 346(1 further comprising heating at least the portion of the 
formation to substantially pyrolwe at least some hydrocarbons within the formation. 

3495. A system configured taheat a coal formation, comprising: 

at least three insulatedf conductors disposed within an opening in the formation, 
wherein at least the three insulated conductors are electrically coupled in a 3 -phase Y 
configuration, and wherein at least the three insulated conductors are configured to 
provide heat to at least a portion of the formation during use; and 

wherein the system is configured to allow heat to transfer from at least the three 
insulated conductors to a/selected section of the formation during use. 

3496. The system of aaim 3495, wherein at least the three insulated conductors are 
further configured to generate heat during application of an electrical current to at least 
the three insulated conductors during use. 

3497. The system off claim 3495, further comprising a support member, wherein the 
support member is configured to support at least the three insulated conductors. 
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3498. The system of claim 3495, further comprising^ support member and a centralizer, 
wherein the support member is configured to support at least the three insulated 
conductors, and wherein the centralizer is configured to maintain a location of at least the 
three insulated conductors on the support member. 

3499. The system of claim 3495, wherein im opening comprises a diameter of at least 
approximately 5 cm. / 

3500. The system of claim 3495, iiirthe/ comprising at least one lead-in conductor 
coupled to at least the three insulated conductors, wherein at least the one lead-in 
conductor comprises a low resistance Conductor configured to generate substantially no 
heat. / 

3501. The system of claim 3495/ further comprising at least one lead-in conductor 
coupled to at least the three insulated conductors, wherein at least the one lead-in 
conductor comprises a rubber insulated conductor. 

3502. The system of clainy3495, further comprising at least one lead-in conductor 
coupled to at least the throe insulated conductors, wherein at least the one lead-in 
conductor comprises a copper wire. 

3503. The system ofiUaim 3495, further comprising at least one lead-in conductor 
coupled to at least thfe three insulated conductors with a cold pin transition conductor. 

3504. The system of claim 3495, further comprising at least one lead-in conductor 
coupled to at lea^t the three insulated conductors with a cold pin transition conductor, 
wherein the coLfl pin transition conductor comprises a substantially low resistance 
insulated conductor. 
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3505. The system of claim 3495, wherein at least me three insulated conductors 
comprise a conductor disposed in an electrically ij/isulating material, and wherein the 
electrically insulating material is disposed in a sfleath. 

3506. The system of claim 3495, wherein at /east the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
conductor comprises a copper-nickel alloy./ 

3507. The system of claim 3495, wherein at least the three insulated conductors 
comprise a conductor disposed in an e/ectrically insulating material, wherein the 
conductor comprises a copper-nickel/alloy, and wherein the copper-nickel alloy 
comprises approximately 7 % nickel by weight to approximately 12 % nickel by weight. 

3508. The system of claim 3496, wherein at least the three insulated conductors 
comprise a conductor disposecy in an electrically insulating material, wherein the 
conductor comprises a coppe/nickel alloy, and wherein the copper-nickel alloy 
comprises approximately 2 % nickel by weight to approximately 6 % nickel by weight. 

3509. The system of claym 3495, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material comprises a thermally conductive material. 

3510. The system of claim 3495, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material comprises magnesium oxide. 

3511. The system of claim 3495, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
electrically insulating material comprises magnesium oxide, and wherein the magnesium 
oxide comprises a thickness of at least approximately 1 mm. 
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3512. The system of claim 3495, wherein at least the^hree insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material comprises aluminum oxide and magnesium oxide. 

3513. The system of claim 3495, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material/wherein the electrically insulating material 
comprises magnesium oxide, wherein the magnesium oxide comprises grain particles, 
and wherein the grain particles are configured to occupy porous spaces within the 
magnesium oxide. / 

3514. The system of claim 3495, wtferein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material is disposed in a sheath, and wherein the sheath comprises 
a corrosion-resistant material. / 

3515. The system of claim wherein at least the three insulated conductors 
comprise a conductor dispo/ed in an electrically insulating material, and wherein the 
electrically insulating material is disposed in a sheath, and wherein the sheath comprises 
stainless steel. / 

3516. The system oftfclaim 3495, wherein at least the three insulated conductors are 
configured to generate radiant heat of approximately 500 W/m to approximately 1 150 
W/m of at least the/three insulated conductors during use. 

3517. The system of claim 3495, further comprising a support member configured to 
support at least /he three insulated conductors, wherein the support member comprises 
orifices configured to provide fluid flow through the support member into the opening 
during use. / 

35 1 8. The system of claim 3495, further comprising a support member configured to 
support at Least the three insulated conductors, wherein the support member comprises 
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critical flow orifices configured to provide a substantially constant amount of fluid flow 
through the support member into the opening during use. 

3519. The system of claim 3495, further comprising a tube coupled to at least the three 
insulated conductors, wherein the tube is configured to provide a flow of fluid into the 
opening during use. / 

3520. The system of claim 3495, furthdr comprising a tube coupled to at least the three 
insulated conductors, wherein the tube aomprises critical flow orifices configured to 
provide a substantially constant amount of fluid flow through the support member into 
the opening during use. / 

3521 . The system of claim 3495, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. / 

3522. The system of claim 3495/further comprising an overburden casing coupled to 
the opening, wherein the overburnen casing is disposed in an overburden of the 
formation, and wherein the overpurden casing comprises steel. 

3523. The system of claim 34©5, further comprising an overburden casing coupled to 
the opening, wherein the overpurden casing is disposed in an overburden of the 
formation, and wherein the oyerburden casing is further disposed in cement. 

3524. The system of claim 
the opening, wherein the ov< 
formation, and wherein a pa. 
casing and the opening. 

3525. The system of claim 3495, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 



5495, further comprising an overburden casing coupled to 
irburden casing is disposed in an overburden of the 
:king material is disposed at a junction of the overburden 
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formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is ^configured to substantially inhibit a 
flow of fluid between the opening and the overburden casing during use. 

3526. The system of claim 3495, further composing an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

3527. The system of claim 3495, further comprising an overburden casing coupled to 
the opening, wherein the overburden casmg is disposed in an overburden of the 
formation, the system further comprising a wellhead coupled to the overburden casing 
and a lead-in conductor coupled to the/insulated conductor, wherein the wellhead is 
disposed external to the overburden, wherein the wellhead comprises at least one sealing 
flange, and wherein at least the one /ealing flange is configured to couple to the lead-in 
conductor. 

3528. The system of claim 3492$, wherein the system is further configured to transfer 
heat such that the transferred h^rat can pyrolyze at least some hydrocarbons in the selected 
section. 



3529. A system configurable to heat a coal formation, comprising: 

at least three insulated conductors configurable to be disposed within an opening 
in the formation, wherein at least the three insulated conductors are electrically coupled 
in a 3-phase Y configuration, and wherein at least the three insulated conductors are 
further configurable to provide heat to at least a portion of the formation during use; and 
wherein the system is configurable to allow heat to transfer from at least the three 
insulated conductors to i selected section of the formation during use. 



V 
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3530. The system of claim 3529, wherein at least the three insulated conductors are 
further configurable to generate heat during application of an electrical current to at least 
the three insulated conductors during use. / 

3531. The system of claim 3529, further compri/ing a support member, wherein the 
support member is configurable to support at least the three insulated conductors. 

3532. The system of claim 3529, further comprising a support member and a centralizer, 
wherein the support member is configurable^ support at least the three insulated 
conductors, and wherein the centralizer is configurable to maintain a location of at least 
the three insulated conductors on the support member. 

3533. The system of claim 3529, wherein the opening comprises a diameter of at least 
approximately 5 cm. / 

3534. The system of claim 3529, further comprising at least one lead-in conductor 
coupled to at least the three insulated conductors, wherein at least the one lead-in 
conductor comprises a low resistance conductor configurable to generate substantially no 
heat. / 

3535. The system of claim 3529, further comprising at least one lead-in conductor 
coupled to at least the three insulated conductors, wherein at least the one lead-in 
conductor comprises a rubber iftsulated conductor, 

3536. The system of claim 3529, further comprising at least one lead-in conductor 
coupled to at least the three ir sulated conductors, wherein at least the one lead-in 
conductor comprises a coppe wire. 

3537. The system of claim !!529, further comprising at least one lead-in conductor 
coupled to at least the three i isulated conductors with a cold pin transition conductor. 
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3538. The system of claim 3529. further comprising at least one lead-in conductor 
coupled to at least the three insulated conductors with a cold pin transition conductor, 
wherein the cold pin transition conductor comprises a substantially low resistance 
insulated conductor. 

5 

3539. The system of claim 3529, where/in at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material is disposed in a sheath. 

10 3540. The system of claim 3529, v^herein at least the three insulated conductors 
comprise a conductor disposed in m electrically insulating material, and wherein the 
conductor comprises a copper-nicpl alloy. 



Q 



3541 . The system of claim 3529, wherein at least the three insulated conductors 
15 comprise a conductor disposed/in an electrically insulating material, wherein the 
conductor comprises a copperVnickel alloy, and wherein the copper-nickel alloy 
comprises approximately 7 °/J nickel by weight to approximately 12 % nickel by weight. 



3542. The system of claim/3529, wherein at least the three insulated conductors 
20 comprise a conductor disposed in an electrically insulating material, wherein the 
conductor comprises a copper-nickel alloy, and wherein the copper-nickel alloy 
comprises approximately 12 % nickel by weight to approximately 6 % nickel by weight. 



25 
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3543. The system of claim 3529, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material comprises a thermally conductive material. 



3544. The system of 
comprise a conductor 
electrically insulating 



qlaim 3529, wherein at least the three insulated conductors 
disposed in an electrically insulating material, and wherein the 
Aiaterial comprises magnesium oxide. 
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3545. The system of claim 3529. wherein at least thethree insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
electrically insulating material comprises magnesium oxide, and wherein the magnesium 
oxide comprises a thickness of at least approximately 1 mm. 

3546. The system of claim 3529, wherein at feast the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material comprises aLuminum oxide and magnesium oxide. 

3547. The system of claim 3529, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein the electrically insulating material 
comprises magnesium oxide, wherein pe magnesium oxide comprises grain particles, 
and wherein the grain particles are configurable to occupy porous spaces within the 
magnesium oxide. / 

3548. The system of claim 3529,/wherein at least the three insulated conductors 
comprise a conductor disposed iiy an electrically insulating material, and wherein the 
electrically insulating material isf disposed in a sheath, and wherein the sheath comprises 
a corrosion-resistant material. / 

3549. The system of claim :p29, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating maternal is disposed in a sheath, and wherein the sheath comprises 
stainless steel. / 

3550. The system of claip 3529, wherein at least the three insulated conductors are 
configurable to generate radiant heat of approximately 500 W/m to approximately 1 150 
W/m during use. / 

3551. The system of cflaim 3529, further comprising a support member configurable to 
support at least the three insulated conductors, wherein the support member comprises 
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orifices configurable to provide fluid flow through yie support member into the opening 
during use. 

3552. The system of claim 3529, further comprising a support member configurable to 
support at least the three insulated conductors, wherein the support member comprises 
critical flow orifices configurable to provide substantially constant amount of fluid flow 
through the support member into the opening during use. 



o 



3553. The system of claim 3529, further comprising a tube coupled to at least the three 
10 insulated conductors, wherein the tube is c/onfigurable to provide a flow of fluid into the 

opening during use. 

3554. The system of claim 3529, further comprising a tube coupled to at least the three 
insulated conductors, wherein the tube/comprises critical flow orifices configurable to 

15 provide a substantially constant amoupt of fluid flow through the support member into 
the opening during use. 



20 



3555. The system of claim 3529, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 



3556. The system of claim 3520, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



3557. The system of claim 3629, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 
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formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. / 

3559. The system of claim 3529, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the . 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configurable to substantially inhibit 
a flow of fluid between the opening and ther overburden casing during use. 

3560. The system of claim 3529, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material as disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

3561. The system of claim 3529, farther comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, the system further comprising a wellhead coupled to the overburden casing 
and a lead-in conductor couplea to the insulated conductor, wherein the wellhead is 
disposed external to the overburden, wherein the wellhead comprises at least one sealing 
flange, and wherein at least me one sealing flange is configurable to couple to the lead-in 
conductor. / 

3562. The system of claim 3529, wherein the system is further configured to transfer 
heat such that the transferred heat can pyrolyze at least some hydrocarbons in the selected 
section. / 

3563. An in situ methpd for heating a coal formation, comprising: 

applying an electrical current to at least three insulated conductors to provide heat 
to at least a portion ob the formation, wherein at least the three insulated conductors are 
disposed within an opening in the formation; and 
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allowing the heat to transfer from at least the /three insulated conductors to a 
selected section of the formation. 

3564. The method of claim 3563, further composing supporting at least the three 
5 insulated conductors on a support member. 

3565, The method of claim 3563, further comprising supporting at least the three 
insulated conductors on a support member And maintaining a location of at least the three 
insulated conductors on the support memper with a centralizer. 



Eh 
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3566. The method of claim 3563, wherein the provided heat comprises approximately 
500 W/m to approximately 1 150 W/m/ 

3567. The method of claim 3563, Wherein at least the three insulated conductors 

15 comprise a conductor disposed in an electrically insulating material, and wherein the 
conductor comprises a copper-nicWel alloy. 

3568. The method of claim 3566, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 

20 conductor comprises a copper-nickel alloy, and wherein the copper-nickel alloy 

comprises approximately 7 °/c/nickel by weight to approximately 12 % nickel by weight. 



25 



3569. The method of claim 3563, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
conductor comprises a copper-nickel alloy, and wherein the copper-nickel alloy 
comprises approximately t % nickel by weight to approximately 6 % nickel by weight. 
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3570. The method of cl&im 3563, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material comprises magnesium oxide. 
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comprise a conductor disposed in an electrically Insulating material, wherein the 
electrically insulating material comprises magnesium oxide, and wherein the magnesium 
oxide comprises a thickness of at least approximately 1 mm. 



3572. The method of claim 3563, wherein At least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material comprises aluminum oxide and magnesium oxide. 

3573. The method of claim 3563. wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
electrically insulating material comprises magnesium oxide, wherein the magnesium 
oxide comprises grain particles, and wherein the grain particles are configured to occupy 
porous spaces within the magnesium/oxide. 

3574. The method of claim 3563, Avherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
insulating material is disposed in/i sheath, and wherein the sheath comprises a corrosion- 
resistant material. 

3575. The method of claim 3463, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
insulating material is disposep in a sheath, and wherein the sheath comprises stainless 
steel. 



3576. The method of claim 3563, further comprising supporting at least the three 
insulated conductors on a Support member and flowing a fluid into the opening through 
an orifice in the support mjbmber. 
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3577. The method of claim 3563. further comprising supporting at least the three 
insulated conductors on a support member and flowing a substantially constant amount of 
fluid into the opening through critical/flow orifices in the support member. 

3578. The method of claim 3563, wherein a perforated tube is disposed in the opening 
proximate to at least the three insi/lated conductors, the method further comprising 
flowing a fluid into the opening through the perforated tube. 

3579. The method of claim 3363, wherein a tube is disposed in the opening proximate to 
at least the three insulated conductors, the method further comprising flowing a 
substantially constant amountia fluid into the opening through critical flow orifices in the 
tube. / 

3580. The method of claim 3563, further comprising supporting at least the three 
insulated conductors on a support member and flowing a corrosion inhibiting fluid into 
the opening through an omfice in the support member. 

3581 . The method of dlaim 3563, wherein a perforated tube is disposed in the opening 
proximate to at least tne three insulated conductors, the method further comprising 
flowing a corrosion inhibiting fluid into the opening through the perforated tube. 

3582. The methocy of claim 3563, further comprising determining a temperature 
distribution in at lpst the three insulated conductors using an electromagnetic signal 
provided to the insulated conductor. 

3583. The method of claim 3563. further comprising monitoring a leakage current of at 
least the three insulated conductors. 

3584. The mithod of claim 3563, further comprising monitoring the applied electrical 
current. 
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3585. The method of claim 3563, further comprising monitoring a voltage applied to at 
least the three insulated conductors. / 

3586. The method of claim 3563, furtherycomprising monitoring a temperature in at 
least the three insulated conductors with at least one thermocouple. 

3587. The method of claim 3563, furnier comprising electrically coupling a lead-in 
conductor to at least the three insulated conductors, wherein the lead-in conductor 
comprises a low resistance conductor configured to generate substantially no heat. 

3588. The method of claim 3563/ further comprising electrically coupling a lead-in 
conductor to at least the three insulated conductors using a cold pin transition conductor. 

3589. The method of claim 3 j63, further comprising electrically coupling a lead-in 
conductor to at least the threennsulated conductors using a cold pin transition conductor, 
wherein the cold pin transition conductor comprises a substantially low resistance 
insulated conductor. / 

3590. The method of claim 3563, further comprising coupling an overburden casing to 
the opening, wherein the/overburden casing is disposed in an overburden of the 
formation. / 

3591 . The method oflclaim 3563, further comprising coupling an overburden casing to 
the opening, wherein ihe overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3592. The method/of claim 3563, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 
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3593. The method of claim 3563. further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. / 

3594. The method of claim 3563, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is/disposed in an overburden of the 
formation, and wherein the method further comprises inhibiting a flow of fluid between 
the opening and the overburden casing with A packing material 

3595. The method of claim 3563, further/comprising heating at least the portion of the 
formation to substantially pyrolyze at least some of the hydrocarbons within the 
formation. / 

3596. A system configured to heat a fcoal formation, comprising: 

a first conductor disposed in a first conduit, wherein the first conduit is disposed 
within an opening in the formation, And wherein the first conductor is configured to 
provide heat to at least a portion of the formation during use; and 

wherein the system is configured to allow heat to transfer from the first conductor 
to a section of the formation during use. 

3597. The system of claim 3396, wherein the first conductor is further configured to 
generate heat during application of an electrical current to the first conductor. 

3598. The system of claimr 3596, wherein the first conductor comprises a pipe. 

3599. The system of claim 3596, wherein the first conductor comprises stainless steel. 

3600. The system of claim 3596, wherein the first conduit comprises stainless steel. 
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3601. The system of claim 3596, further comprising a centralizer configured to maintain 
a location of the first conductor within the first conduit. 

3602. The system of claim 3596, further comprising a centralizer configured to maintain 
a location of the first conductor within the first fonduit, wherein the centralizer comprises 
ceramic material. 

3603. The system of claim 3596, further comprising a centralizer configured to maintain 
a location of the first conductor within the $rst conduit, wherein the centralizer comprises 
ceramic material and stainless steel. 

3604. The system of claim 3596, wherein the opening comprises a diameter of at least 
approximately 5 cm. 

3605. The system of claim 3596, further comprising a lead-in conductor coupled to the 
first conductor, wherein the lead-in Conductor comprises a low resistance conductor 
configured to generate substantially no heat. 

3606. The system of claim 3596r, further comprising a lead-in conductor coupled to the 
first conductor, wherein the lead-in conductor comprises copper. 

3607. The system of claim 3?96, further comprising a sliding electrical connector 
coupled to the first conductor 

3608. The system of clairn 3596, further comprising a sliding electrical connector 
coupled to the first conductor, wherein the sliding electrical connector is further coupled 
to the first conduit. 

3609. The system of cjfaim 3596, further comprising a sliding electrical connector 
coupled to the first conductor, wherein the sliding electrical connector is further coupled 
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to the first conduit, and wherein the sliding electrical connector is configured to complete 
an electrical circuit with the first conductor arid the first conduit. 



3610. The system of claim 3596, further comprising a second conductor disposed within 
the first conduit and at least one sliding electrical connector coupled to the first conductor 
and the second conductor, wherein at least the one sliding electrical connector is 
configured to generate less heat than th^f first conductor or the second conductor during 
use. 
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10 361 1. The system of claim 3596, therein the first conduit comprises a first section and 
a second section, wherein a thickness of the first section is greater than a thickness of the 
second section such that heat rad/ated from the first conductor to the section along the 
first section of the conduit is less than heat radiated from the first conductor to the section 
along the second section of the/conduit. 
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3612. The system of claim 3596, further comprising a fluid disposed within the first 
conduit, wherein the fluid ^configured to maintain a pressure within the first conduit to 
substantially inhibit deformation of the first conduit during use. 

20 3613. The system of claim 3596, further comprising a thermally conductive tluid 
disposed within the first conduit. 

3614. The system off claim 3596, further comprising a thermally conductive fluid 
disposed within the ^rst conduit, wherein the thermally conductive fluid comprises 
25 helium. 



3615. The systerrf of claim 3596, further comprising a fluid disposed within the first 
conduit, wherein tfhe fluid is configured to substantially inhibit arcing between the first 
conductor and the first conduit during use. 
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3616. The system of claim 3596, further comprising a tube disposed within the opening 
external to the first conduit, wherein the tube is configured to remove vapor produced 
from at least the heated portion of the formation such that a pressure balance is 
maintained between the first conduit and pe opening to substantially inhibit deformation 
of the first conduit during use. 

361 7. The system of claim 3596, wherein the first conductor is further configured to 
generate radiant heat of approximately 650 W/m to approximately 1650 W/m during use. 

3618. The system of claim 3596, further comprising a second conductor disposed within 
a second conduit and a third conductor disposed within a third conduit, wherein first 
conduit, the second conduit and the third conduit are disposed in different openings of the 
formation, wherein the first conductor is electrically coupled to the second conductor and 
the third conductor, and wherein/the first, second, and third conductors are configured to 
operate in a 3 -phase Y configuration during use. 

36 1 9. The system of claim 3696, further comprising a second conductor disposed within 
the first conduit, wherein the/second conductor is electrically coupled to the first 
conductor to form an electrical circuit. 

3620. The system of claim 3596, further comprising a second conductor disposed within 
the first conduit, wherein/the second conductor is electrically coupled to the first 
conductor to form an elejetrical circuit with a connector. 

362 1 . The system of alaim 3596, further comprising an overburden casing coupled to 
the opening, wherein t/ie overburden casing is disposed in an overburden of the 
formation. 

3622. The system o/f claim 3596, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 
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3623. The system of claim 3596, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3624. The system of claim 3596, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 

3625. The system of claim 3596, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing ma/terial is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is further configured to substantially 
inhibit a flow of fluid betweenAhe opening and the overburden casing during use. 

3626. The system of claim 3596, further comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing, wherein the substantially low resistance conductor is electrically coupled to the 
first conductor. 

3627. The system of cl^im 3596, further comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing, wherein the substantially low resistance conductor is electrically coupled to the 
first conductor, and wl/erein the substantially low resistance conductor comprises carbon 
steel. 

3628. The system oil" claim 3596, further comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing and a centrallzer configured to support the substantially low resistance conductor 
within the overburden casing. 
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3629. The system of claim 3596, wherein the ^heated section of the formation is 
substantially pyrolyzed. 
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3630. A system configurable to heat a coal formation, comprising: 

a first conductor configurable to be disposed in a first conduit, wherein the first 

conduit is configurable to be disposed w/thin an opening in the formation, and wherein 

the first conductor is further configurable to provide heat to at least a portion of the 

formation during use; and 

wherein the system is configurable to allow heat to transfer from the first 

conductor to a section of the formation during use. 



Q 
00 

o 
m 

H 5 



ru 

4= 
O 



363 1 . The system of claim 3630, wherein the first conductor is further configurable to 
generate heat during application of/an electrical current to the first conductor. 

15 

3632. The system of claim 3630, wherein the first conductor comprises a pipe. 

3633. The system of claim 3620, wherein the first conductor comprises stainless steel. 

20 3634. The system of claim 3i630, wherein the first conduit comprises stainless steel. 

3635. The system of claim 6630, further comprising a centralizer configurable to 
maintain a location of the first conductor within the first conduit. 



25 3636. The system of claiip 3630, further comprising a centralizer configurable to 

maintain a location of the /first conductor within the first conduit, wherein the centralizer 
comprises ceramic materfal. 



3637. The system of claim 3630, further comprising a centralizer configurable to 
30 maintain a location of me first conductor within the first conduit, wherein the centralizer 
comprises ceramic material and stainless steel. 
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3638. The system of claim 3630, wherein the opening comprises a diameter of at least 
approximately 5 cm. / 

3639. The system of claim 3630, further comprising a lead-in conductor coupled to the 
first conductor, wherein the lead-in conductor comprises a low resistance conductor 
configurable to generate substantially no heat. 

3640. The system of claim 3630, further comprising a lead-in conductor coupled to the 
first conductor, wherein the lead-in conductor comprises copper. 

364 1 . The system of claim 3630, fldther comprising a sliding electrical connector 
coupled to the first conductor. / 

3642. The system of claim 3630, further comprising a sliding electrical connector 
coupled to the first conductor, wherein the sliding electrical connector is further coupled 
to the first conduit. / 

3643. The system of claim 363D, further comprising a sliding electrical connector 
coupled to the first conductor, wherein the sliding electrical connector is further coupled 
to the first conduit, and wherein the sliding electrical connector is configurable to 
complete an electrical circuit with the first conductor and the first conduit. 

3644. The system of claim B630 ; further comprising a second conductor disposed within 
the first conduit and at least/one sliding electrical connector coupled to the first conductor 
and the second conductor, wherein at least the one sliding electrical connector is 
configurable to generate lefss heat than the first conductor or the second conductor during 
use. / 

3645. The system of cldim 3630, wherein the first conduit comprises a first section and 
a second section, wherein a thickness of the first section is greater than a thickness of the 
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second section such that heat radiated from the first conductor to the section along the 
first section of the conduit is less than heat radiated from the first conductor to the section 
along the second section of the conduit. 

3646. The system of claim 3630, further comprising a fluid disposed within the first 
conduit wherein the fluid is configurable \p maintain a pressure within the first conduit 
to substantially inhibit deformation of the /first conduit during use. 

3647. The system of claim 3630, further comprising a thermally conductive fluid 
10 disposed within the first conduit. 
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3648. The system of claim 3630, fur/her comprising a thermally conductive fluid 
disposed within the first conduit, wherein the thermally conductive fluid comprises 
helium. 

3649. The system of claim 3630, /further comprising a fluid disposed within the first 
conduit, wherein the fluid is configurable to substantially inhibit arcing between the first 
conductor and the first conduit during use. 
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3650. The system of claim 363K), further comprising a tube disposed within the opening 
external to the first conduit, wherein the tube is configurable to remove vapor produced 
from at least the heated portiorf of the formation such that a pressure balance is 
maintained between the first conduit and the opening to substantially inhibit deformation 
of the first conduit during use 



365 1 . The system of claim 



5630, wherein the first conductor is further configurable to 



3652. The system of claim 
a second conduit and a third 
conduit, the second conduit 



generate radiant heat of appi oximately 650 W/m to approximately 1650 W/m during use. 
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o0, further comprising a second conductor disposed within 
conductor disposed within a third conduit, wherein first 
md the third conduit are disposed in different openings of the 
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formation, wherein the first conductor is electrically coupled to the second conductor and 
the third conductor, and wherein the first, secpnd, and third conductors are configurable 
to operate in a 3 -phase Y configuration durinfg use. 

3653. The system of claim 3630, further aomprising a second conductor disposed within 
the first conduit, wherein the second conductor is electrically coupled to the first 
conductor to form an electrical circuit. / 

3654. The system of claim 3630, further comprising a second conductor disposed within 
the first conduit, wherein the second conductor is electrically coupled to the first 
conductor to form an electrical circuit with a connector. 

3655. The system of claim 3630 ; further comprising an overburden casing coupled to 
the opening, wherein the overburden/ casing is disposed in an overburden of the 
formation. / 

3656. The system of claim 3630,/further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3657. The system of claim 3630, further comprising an overburden casing coupled to 
the opening, wherein the overbidden casing is disposed in an overburden of the 
formation, and wherein the ovenburden casing is further disposed in cement. 

3658. The system of claim 3630, further comprising an overburden casing coupled to 
the opening, wherein the overbidden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 

3659. The system of claim 36310, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
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formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is further configurable to substantially 
inhibit a flow of fluid between the opening aiad the overburden casing during use. 

3660. The system of claim 3630, further Comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing, wherein the substantially low res/stance conductor is electrically coupled to the 
first conductor. 

3661 . The system of claim 3630, further comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing, wherein the substantially low resistance conductor is electrically coupled to the 
first conductor, and wherein the substantially low resistance conductor comprises carbon 
steel. 

3662. The system of claim 3630, further comprising an overburden casing coupled to 
the opening and a substantially loW resistance conductor disposed within the overburden 
casing and a centralizer configurable to support the substantially low resistance conductor 
within the overburden casing. 

3663. The system of claim 363$, wherein the heated section of the formation is 
substantially pyrolyzed. 



3664. An in situ method for heating a coal formation, comprising: 

applying an electrical current to a first conductor to provide heat to at least a 
portion of the formation, wherein the first conductor is disposed in a first conduit, and 
wherein the first conduit is disposed within an opening in the formation; and 

allowing the heat to transfer from the first conductor to a section of the formation. 

3665. The method of claim 36m, wherein the first conductor comprises a pipe. 
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3666. The method of claim 3664. wherein the first conductor comprises stainless steel. 

3667. The method of claim 3664, wherein th^ first conduit comprises stainless steel. 

5 3668. The method of claim 3664, further obmprising maintaining a location of the first 
conductor in the first conduit with a centralizer. 

3669. The method of claim 3664, further comprising maintaining a location of the first 
conductor in the first conduit with a cenjralizer, wherein the centralizer comprises 
10 ceramic material. 
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3670. The method of claim 3664, fuhher comprising maintaining a location of the first 
conductor in the first conduit with a/;entralizer, wherein the centralizer comprises 
ceramic material and stainless steel 

3671 . The method of claim 366f , further comprising coupling a sliding electrical 
connector to the first conductor. J 



3672. The method of claim 3664, further comprising electrically coupling a sliding 

20 electrical connector to the first conductor and the first conduit, wherein the first conduit 
comprises an electrical lead Configured to complete an electrical circuit with the first 
conductor. 

3673. The method of claiJn 3664, further comprising coupling a sliding electrical 
25 connector to the first conductor and the first conduit, wherein the first conduit comprises 

an electrical lead configured to complete an electrical circuit with the first conductor, and 
wherein the generated hgat comprises approximately 20 percent generated by the first 
conduit. 



30 3674. The method of fclaim 3664, wherein the provided heat comprises approximately 
650 W/m to approximately 1650 W/m. 
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3675. The method of claim 3664, further comprising determining a temperature 
distribution in the first conduit using an electromagnetic signal provided to the conduit. 

3676. The method of claim 3664. furtper comprising monitoring the applied electrical 
current. 

3677. The method of claim 3664, farther comprising monitoring a voltage applied to the 
first conductor. 

3678. The method of claim 36647 further comprising monitoring a temperature in the 
conduit with at least one thermocouple. 

3679. The method of claim 36©4, further comprising coupling an overburden casing to 
the opening, wherein the overbprden casing is disposed in an overburden of the 
formation. 

3680. The method of claim 1664, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3681 . The method of claim 3664, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein thje overburden casing is further disposed in cement. 



3682. The method of cl 
the opening, wherein the; 
formation, and wherein 
casing and the opening. 



im 3664. further comprising coupling an overburden casing to 
overburden casing is disposed in an overburden of the 
packing material is disposed at a junction of the overburden 
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3683. The method of claim 3664, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the method further Comprises inhibiting a flow of fluid between 
the opening and the overburden casing witM a packing material. 



3684. The method of claim 3664, further 
the opening, wherein a substantially low r 
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comprising coupling an overburden casing to 
sistance conductor is disposed within the 
overburden casing, and wherein the substantially low resistance conductor is electrically 
coupled to the first conductor. 

3685. The method of claim 3664, further comprising coupling an overburden casing to 
the opening, wherein a substantially low resistance conductor is disposed within the 
overburden casing, wherein the substantially low resistance conductor is electrically 
coupled to the first conductor, and wherein the substantially low resistance conductor 
comprises carbon steel. 
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3686. The method of claim 3664, flirther comprising coupling an overburden casing to 
the opening, wherein a substantially low resistance conductor is disposed within the 
overburden casing, wherein the substantially low resistance conductor is electrically 
coupled to the first conductor, and/wherein the method further comprises maintaining a 
location of the substantially low resistance conductor in the overburden casing with a 
central izer support. 
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3687. The method of claim 36' 
conductor to the first conductor 
resistance conductor configurec 



3688. The method of claim 3fl64 
conductor to the first conductoi 



, further comprising electrically coupling a lead-in 
wherein the lead-in conductor comprises a low- 
to generate substantially no heat. 



, further comprising electrically coupling a lead-in 
wherein the lead-in conductor comprises copper. 
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3689. The method of claim 3664, further comprising maintaining a sufficient pressure 
between the first conduit and the formation^) substantially inhibit deformation of the 
first conduit. 

5 3690. The method of claim 3664, further comprising providing a thermally conductive 
fluid within the first conduit. 
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3691. The method of claim 3664, further comprising providing a thermally conductive 
fluid within the first conduit, wherein the thermally conductive fluid comprises helium. 

3692. The method of claim 3664, further comprising inhibiting arcing between the first 
conductor and the first conduit with a fluid disposed within the first conduit. 

3693. The method of claim 3664, further comprising removing a vapor from the 
opening using a perforated tutte disposed proximate to the first conduit in the opening to 
control a pressure in the opening. 

3694. The method of claim 3664, further comprising flowing a corrosion inhibiting fluid 
through a perforated tube disposed proximate to the first conduit in the opening. 

3695. The method of clim 3664, wherein a second conductor is disposed within the 
first conduit, wherein the second conductor is electrically coupled to the first conductor to 
form an electrical circuit 



25 3696. The method of claim 3664, wherein a second conductor is disposed within the 
first conduit, wherein /he second conductor is electrically coupled to the first conductor 
with a connector. 



3697. The method 
second conduit and 
second conduit and 



if claim 3664, wherein a second conductor is disposed within a 
a third conductor is disposed within a third conduit, wherein the 
the third conduit are disposed in different openings of the formation, 
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wherein the first conductor is electrically coupled to the second conductor and the third 
conductor, and wherein the first, second, and thi/d conductors are configured to operate 
in a 3 -phase Y configuration. 
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3698. The method of claim 3664, wherein a second conductor is disposed within the 
first conduit, wherein at least one sliding electrical connector is coupled to the first 
conductor and the second conductor, and wherein heat generated by at least the one 
sliding electrical connector is less than l^eat generated by the first conductor or the second 
conductor. 

3699. The method of claim 3664, wherein the first conduit comprises a first section and 
a second section, wherein a thickness of the first section is greater than a thickness of the 
second section such that heat radiated from the first conductor to the section along the 
first section of the conduit is less man heat radiated from the first conductor to the section 
along the second section of the conduit. 

3700. The method of claim 36^4, further comprising flowing an oxidizing fluid through 
an orifice in the first conduit. 



20 3701. The method of claim 3664, further comprising disposing a perforated tube 

proximate to the first conduitf and flowing an oxidizing fluid through the perforated tube. 

3702. The method of clainil 3664, further comprising heating at least the portion of the 
formation to substantially rtyrolyze at least some of the carbon within the formation. 
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3703. A system configured to heat a coal formation, comprising: 

a first conductor disposed in a first conduit, wherein the first conduit is disposed 
within a first opening in the formation; 

a second condu:tor disposed in a second conduit, wherein the second conduit is 
disposed within a seco id opening in the formation; 
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a third conductor disposed in a third conduit, wherein the th/fd conduit is disposed 
within a third opening in the formation, wherein the first second,/and third conductors 
are electrically coupled in a 3 -phase Y configuration, and wherein the first, second, and 
third conductors are configured to provide heat to at least a pjmion of the formation 
5 during use; and 

wherein the system is configured to allow heat to/fransfer from the first, second, 
and third conductors to a selected section of the formation during use. 

3704. The system of claim 3703, wherein the firs/ second, and third conductors are 
10 further configured to generate heat during application of an electrical current to the first 
conductor. 
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3705. The system of claim 3703, whereinyfhe first, second, and third conductors 
comprise a pipe. 

3706. The system of claim 3703, wherein the first, second, and third conductors 
comprise stainless steel. 



H- 



3707. The system of claim 3703/wherein the first, second, and third openings comprise 
20 a diameter of at least approximately 5 cm. 

3708. The system of claim 3//03, further comprising a first sliding electrical connector 
coupled to the first conductor and a second sliding electrical connector coupled to the 
second conductor and a third sliding electrical connector coupled to the third conductor. 
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3709. The system of claim 3703, further comprising a first sliding electrical connector 
coupled to the first conductor, wherein the first sliding electrical connector is further 
coupled to the first conduit. 
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3710. The system of claim 3703, further comprising a second sliding electrical 
connector coupled to the second conductor, wherein the second sliding electrical 
connector is further coupled to the second conduit. / 

3711. The system of claim 3703, further comprising a ttiird sliding electrical connector 
coupled to the third conductor, wherein the third sliding electrical connector is further 
coupled to. the third conduit. / 

3712. The system of claim 3703, wherein each off the first, second, and third conduits 
comprises a first section and a second section, wbferein a thickness of the first section is 
greater than a thickness of the second section such that heat radiated from each of the 
first, second, and third conductors to the section along the first section of each of the 
conduits is less than heat radiated from the first, second, and third conductors to the 
section along the second section of each oythe conduits. 

3713. The system of claim 3703, further comprising a fluid disposed within the first, 
second, and third conduits, wherein thi fluid is configured to maintain a pressure within 
the first conduit to substantially inhij/it deformation of the first, second, and third 
conduits during use. / 

3714. The system of claim 370i, further comprising a thermally conductive fluid 
disposed within the first, seconp, and third conduits. 

3715. The system of claim 8703, further comprising a thermally conductive fluid 
disposed within the first, second, and third conduits, wherein the thermally conductive 
fluid comprises helium. / 

3716. The system of claim 3703, further comprising a fluid disposed within the first 
second, and third conduits, wherein the fluid is configured to substantially inhibit arcing 
between the first, second, and third conductors and the first, second, and third conduits 
during use. / 
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3717. The system of claim 3703, further comprising at least/one tube disposed within 
the first, second, and third openings external to the first, seoond, and third conduits, 
wherein at least the one tube is configured to remove vappr produced from at least the 

5 heated portion of the formation such that a pressure balance is maintained between the 
first, second, and third conduits and the first, second, and third openings to substantially 
inhibit deformation of the first second, and third conrchiits during use. 

3718. The system of claim 3703, wherein the fir/t, second, and third conductors are 

10 further configured to generate radiant heat of approximately 650 W/m to approximately 
1650 W/m during use. / 

3719. The system of claim 3703, further comprising at least one overburden casing 
coupled to the first, second, and third openings, wherein at least the one overburden 
casing is disposed in an overburden of the formation. 

3720. The system of claim 3703, furmer comprising at least one overburden casing 
coupled to the first, second, and thira openings, wherein at least the one overburden 
casing is disposed in an overburdeiyof the formation, and wherein at least the one 
overburden casing comprises steel/ 

3721 . The system of claim 370G, further comprising at least one overburden casing 
coupled to the first, second, am third openings, wherein at least the one overburden 
casing is disposed in an overburden of the formation, and wherein at least the one 
overburden casing is further disposed in cement. 

3722. The system of claim 3703, further comprising at least one overburden casing 
coupled to the first, secorta, and third openings, wherein at least the one overburden 
casing is disposed in an ©verburden of the formation, and wherein a packing material is 

30 disposed at a junction of at least the one overburden casing and the first, second, and third 
openings. / 



f s a 



on 
& 

r 3 



u 

La. 



15 



20 



25 



746 



Conley, Rose & Tayon, P.C. 



t 



3723. The system of claim 3703, further comprising at least one overburden casing 
coupled to the first, second, and third openings, wherein at least the one overburden 
casing is disposed in an overburden of the formation; wherein a packing material is 
5 disposed at a junction of at least the one overburd/n casing and the first, second, and third 
openings, and wherein the packing material is fyrther configured to substantially inhibit a 
flow of fluid between the first, second, and thjrd opening and at least the one overburden 
casing during use. 

10 3724. The system of claim 3703, where^i the heated section of the formation is 
substantially pyrolyzed. 

3725. A system configurable to heat/a coal formation, comprising: 

a first conductor configurable to be disposed in a first conduit, wherein the first 
15 conduit is configurable to be disposed within a first opening in the formation; 

a second conductor configurable to be disposed in a second conduit, wherein the 
second conduit is configurable to be disposed within a second opening in the formation; 

a third conductor configurable to be disposed in a third conduit, wherein the third 
conduit is configurable to be disposed within a third opening in the formation, wherein 
20 the first, second, and third conductors are further configurable to be electrically coupled 
in a 3 -phase Y configuration, and wherein the first, second, and third conductors are 
further configurable to provide heat to at least a portion of the formation during use; and 

wherein the system is configurable to allow heat to transfer from the first, second, 
and third conductors tc/a selected section of the formation during use. 



25 



3726. The system oF claim 3725, wherein the first, second, and third conductors are 
further configurable to generate heat during application of an electrical current to the first 
conductor. 



30 3727. The syst^hi of claim 3725, wherein the first, second, and third conductors 
comprise a pipe 
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3728. The system of claim 3725, wherein the first, ^econd, and third conductors 
comprise stainless steel. 



5 3729. The system of claim 3725, wherein the i 
diameter of at least approximately 5 cm. 



irst, second, and third opening comprise a 



10 



3730. The system of claim 3725, further comprising a first sliding electrical connector 
coupled to the first conductor and a second sliding electrical connector coupled to the 
second conductor and a third sliding electrical connector coupled to the third conductor. 



u 

m 



15 



373 1 . The system of claim 3725, fiifther comprising a first sliding electrical connector 
coupled to the first conductor, wherein the first sliding electrical connector is further 
coupled to the first conduit. 

3732. The system of claim 37^5, further comprising a second sliding electrical 
connector coupled to the second conductor, wherein the second sliding electrical 
connector is further coupled /o the second conduit. 



20 3733. The system of claim 3725, further comprising a third sliding electrical connector 
coupled to the third conductor, wherein the third sliding electrical connector is further 
coupled to the third conauit. 



25 



3734. The system of paim 3725, wherein each of the first, second, and third conduits 
comprises a first section and a second section, wherein a thickness of the first section is 
greater than a thickness of the second section such that heat radiated from each of the 
first, second, and thi/d conductors to the section along the first section of each of the 
conduits is less than/ heat radiated from the first, second, and third conductors to the 
section along the second section of each of the conduits. 



30 
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3735. The system of claim 3725, further comprising a fluid disposed within the first, 
second, and third conduits, wherein the fluid is configurable to maintain a pressure within 
the first conduit to substantially inhibit deformation of the first/second, and third 
conduits during use. / 

3736. The system of claim 3725, further comprising a thermally conductive fluid 
disposed within the first, second, and third conduits. / 

3737. The system of claim 3725, further comprising a thermally conductive fluid 
disposed within the first, second, and third conduits, wherein the thermally conductive 
fluid comprises helium. / 

3738. The system of claim 3725, further con/prising a fluid disposed within the first, 
second, and third conduits, wherein the fluitf is configurable to substantially inhibit arcing 
between the first, second, and third conductors and the first, second, and third conduits 
during use. / 

3739. The system of claim 3725, further comprising at least one tube disposed within 
the first, second, and third openings external to the first, second, and third conduits, 
wherein at least the one tube is configurable to remove vapor produced from at least the 
heated portion of the formation sudn that a pressure balance is maintained between the 
first, second, and third conduits and the first second, and third openings to substantially 
inhibit deformation of the first, second, and third conduits during use. 

3740. The system of claim 3725, wherein the first, second, and third conductors are 
further configurable to generate radiant heat of approximately 650 W/m to approximately 
1650 W/m during use. / 

3741 . The system of claim 3725, further comprising at least one overburden casing 
coupled to the first, second, and third openings, wherein at least the one overburden 
casing is disposed in an oiverburden of the formation. 
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3742. The system of claim 3725, further comprising at lefast one overburden casing 
coupled to the first, second, and third openings, whereirz at least the one overburden 
casing is disposed in an overburden of the formation, And wherein at least the one 
overburden casing comprises steel. / 

3743. The system of claim 3725, further comprising at least one overburden casing 
coupled to the first, second, and third openingsywherein at least the one overburden 
casing is disposed in an overburden of the formation, and wherein at least the one 
overburden casing is further disposed in cement. 

3744. The system of claim 3725, further comprising at least one overburden casing 
coupled to the first, second, and third openings, wherein at least the one overburden 
casing is disposed in an overburden of the formation, and wherein a packing material is 
disposed at a junction of at least the one overburden casing and the first, second, and third 
openings. / 

3745. The system of claim 3725,Airther comprising at least one overburden casing 
coupled to the first, second, and tnird openings, wherein at least the one overburden 
casing is disposed in an overburaen of the formation, wherein a packing material is 
disposed at a junction of at least the one overburden casing and the first, second, and third 
openings, and wherein the packing material is further configurable to substantially inhibit 
a flow of fluid between the first, second, and third opening and at least the one 
overburden casing during uise. 

3746. The system of claiin 3725, wherein the heated section of the formation is 
substantially pyrolyzed. / 

3747. An in situ method for heating a coal formation, comprising: 
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applying an electrical current to a first conductor to provide heat to at least a 
portion of the formation, wherein the first conductor is disposed in a first conduit, and 
wherein the first conduit is disposed within a first opening in the formation; 

applying an electrical current to a second conductor to provide heat to at least a 
portion of the formation, wherein the second conductor is disposed in a second conduit, 
and wherein the second conduit is disposed withiry& second opening in the formation; 

applying an electrical current to a third conductor to provide heat to at least a 
portion of the formation, wherein the third conductor is disposed in a third conduit, and 
wherein the third conduit is disposed within/a third opening in the formation; and 

allowing the heat to transfer from pe first, second, and third conductors to a 
selected section of the formation. 



O 
Si 
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3748. The method of claim 3747, vyherein the first, second, and third conductors 
comprise a pipe. 

3749. The method of claim 37y47, wherein the first, second, and third conductors 
comprise stainless steel. 



3750. The method of claiyh 3747, wherein the first, second, and third conduits comprise 
20 stainless steel. 

3751. The method of Zlaim 3747, wherein the provided heat comprises approximately 
650 W/m to approximately 1650 W/m. 

25 3752. The methocyof claim 3747, further comprising determining a temperature 
distribution in the first, second, and third conduits using an electromagnetic signal 
provided to the first, second, and third conduits. 



3753. The metjhod of claim 3747, further comprising monitoring the applied electrical 
30 current. 
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3754. The method of claim 3747, further comprising monitoring a voltage applied to the 
first, second, and third conductors. / 

3755. The method of claim 3747, further comprising monitoring a temperature in the 
first, second, and third conduits with at least one thermocouple. 

3756. The method of claim 3747, further compri/ing maintaining a sufficient pressure 
between the first, second, and third conduits andythe first, second, and third openings to 
substantially inhibit deformation of the first, second, and third conduits. 

3757. The method of claim 3747, further comprising providing a thermally conductive 
fluid within the first, second, and third cormuits. 

3758. The method of claim 3747, further comprising providing a thermally conductive 
fluid within the first, second, and third/conduits, wherein the thermally conductive fluid 
comprises helium. / 

3759. The method of claim 3747/ further comprising inhibiting arcing between the first, 
second, and third conductors and/the first, second, and third conduits with a fluid 
disposed within the first, seconci, and third conduits. 

3760. The method of claim B747, further comprising removing a vapor from the first, 
second, and third openings using at least one perforated tube disposed proximate to the 
first, second, and third conpuits in the first, second, and third openings to control a 
pressure in the first, second, and third openings. 

3761 . The method of claim 3747, wherein the first, second, and third conduits comprise 
a first section and a seiond section, wherein a thickness of the first section is greater than 
a thickness of the second section such that heat radiated from the first, second, and third 
conductors to the section along the first section of the first, second, and third conduits is 
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less than heat radiated from the first, second, and third conductors/to the section along the 
second section of the first, second, and third conduits. 

3762. The method of claim 3747, further comprising flowing an oxidizing fluid through 
5 an orifice in the first, second, and third conduits. 

3763. The method of claim 3747, further comprising/heating at least the portion of the 
formation to substantially pyrolyze at least some of the carbon within the formation. 



o 



O 



10 3764. A system configured to heat a coal formation, comprising: 

a first conductor disposed in a conduit, wynerein the conduit is disposed within an 
opening in the formation; and 

a second conductor disposed in the corfduit, wherein the second conductor is 
electrically coupled to the first conductor with a connector, and wherein the first and 
15 second conductors are configured to providje heat to at least a portion of the formation 
during use; and 

wherein the system is configuredyfo allow heat to transfer from the first and 
second conductors to a selected section pf the formation during use. 



20 3765. The system of claim 3764, wherein the first conductor is further configured to 
generate heat during application of afri electrical current to the first conductor. 

3766. The system of claim 3 764/ wherein the first and second conductors comprise a 
pipe. 



25 



3767. The system of claim 37jb4, wherein the first and second conductors comprise 
stainless steel. 



30 



3768. The system of claim 3764, wherein the conduit comprises stainless steel. 
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3769. The system of claim 3764, further comprising a centralizer configured to maintain 
a location of the first and second conductors within the condmt. 

3770. The system of claim 3764, further comprising a centralizer configured to maintain 
a location of the first and second conductors within the /conduit, wherein the centralizer 
comprises ceramic material. 



10 



3771 . The system of claim 3764, further comprising a centralizer configured to maintain 
a location of the first and second conductors withp the conduit, wherein the centralizer 
comprises ceramic material and stainless steel. 



3772. The system of claim 3764, wherein thj£ opening comprises a diameter of at least 
approximately 5 cm. 

15 3773. The system of claim 3764, further/comprising a lead-in conductor coupled to the 
first and second conductors, wherein tha lead-in conductor comprises a low resistance 
conductor configured to generate substantially no heat. 

3774. The system of claim 3764, further comprising a lead-in conductor coupled to the 
20 first and second conductors, wherem the lead-in conductor comprises copper. 



25 



3775. The system of claim 3764^ wherein the conduit comprises a first section and a 
second section, wherein a thickness of the first section is greater than a thickness of the 
second section such that heat radiated from the first conductor to the section along the 
first section of the conduit is less than heat radiated from the first conductor to the section 
along the second section of the conduit. 



3776. The system of claim C764, further comprising a fluid disposed within the conduit, 
wherein the fluid is configured to maintain a pressure within the conduit to substantially 
inhibit deformation of the aonduit during use. 
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3777. The system of claim 3764. further comprising a thermally conductive fluid 
disposed within the conduit. / 

3778. The system of claim 3764, further comprising a thermally conductive fluid 
disposed within the conduit, wherein the thermally conductive fluid comprises helium. 

3779. The system of claim 3764, further comprising/a fluid disposed within the conduit, 
wherein the fluid is configured to substantially inhibit arcing between the first and second 
conductors and the conduit during use. / 

3780. The system of claim 3764, further comprising a tube disposed within the opening 
external to the conduit, wherein the tube is configured to remove vapor produced from at 
least the heated portion of the formation sucM that a pressure balance is maintained 
between the conduit and the opening to substantially inhibit deformation of the conduit 
during use. / 

3781. The system of claim 3764, wherein the first and second conductors are further 
configured to generate radiant heat of approximately 650 W/m to approximately 1650 
W/m during use. / 

3782. The system of claim 3764, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. / 

3783. The system of claim/3764, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3784. The system of claim 3764, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 
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3785. The system of claim 3764, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in An overburden of the 
formation, and wherein a packing material is disposed at A junction of the overburden 
casing and the opening, / 

3786. The system of claim 3764, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is further configured to substantially 
inhibit a flow of fluid between the opening and the overburden casing during use. 

3787. The system of claim 3764, wherein /he heated section of the formation is 
substantially pyrolyzed. / 

3788. A system configurable to heat a /oal formation, comprising: 

a first conductor configurable t© be disposed in a conduit, wherein the conduit is 
configurable to be disposed within an/opening in the formation; and 

a second conductor configurable to be disposed in the conduit, wherein the second 
conductor is configurable to be electrically coupled to the first conductor with a 
connector, and wherein the first anra second conductors are further configurable to 
provide heat to at least a portion ©f the formation during use; and 

wherein the system is configurable to allow heat to transfer from the first and 
second conductors to a selectecy section of the formation during use. 

3789. The system of claim ^788, wherein the first conductor is further configurable to 
generate heat during application of an electrical current to the first conductor. 

3790. The system of claim 3788, wherein the first and second conductors comprise a 
pipe. / 
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3791. The system of claim 3788, wherein the first second conductors comprise 
stainless steel. 

3792. The system of claim 3788, wherein the cronduit comprises stainless steel. 

3793. The system of claim 3788, further comprising a centralizer configurable to 
maintain a location of the first and second Conductors within the conduit. 

3794. The system of claim 3788, further comprising a centralizer configurable to 
maintain a location of the first and second conductors within the conduit, wherein the 
centralizer comprises ceramic material. 

3795. The system of claim 3788, Anther comprising a centralizer configurable to 
maintain a location of the first and second conductors within the conduit, wherein the 
centralizer comprises ceramic material and stainless steel. 

3796. The system of claim 3/788, wherein the opening comprises a diameter of at least 
approximately 5 cm. 

3797. The system of clailk 3788, further comprising a lead-in conductor coupled to the 
first and second conductors, wherein the lead-in conductor comprises a low resistance 
conductor configurable to generate substantially no heat. 

3798. The system offclaim 3788, further comprising a lead-in conductor coupled to the 
first and second conductors, wherein the lead-in conductor comprises copper. 



3799. The system/of claim 3788, wherein the conduit comprises a first section and a 
second section, wHerein a thickness of the first section is greater than a thickness of the 
second section such that heat radiated from the first conductor to the section along the 
first section of the conduit is less than heat radiated from the first conductor to the section 
along the second section of the conduit. 
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3800. The system of claim 3788, further comprising a fluid disposed within the conduit, 
wherein the fluid is configurable to maintain a pressure within the conduit to substantially 
inhibit deformation of the conduit during use. / 

3801 . The system of claim 3788, further comprising /thermally conductive fluid 
disposed within the conduit. / 

3802. The system of claim 3788, further comprising a thermally conductive fluid 
disposed within the conduit, wherein the thermally conductive fluid comprises helium. 

3803. The system of claim 3788, further comprising a fluid disposed within the conduit, 
wherein the fluid is configurable to substantially inhibit arcing between the first and 
second conductors and the conduit during use. 

3804. The system of claim 3788, further comprising a tube disposed within the opening 
external to the conduit, wherein the tutfe is configurable to remove vapor produced from 
at least the heated portion of the formation such that a pressure balance is maintained 
between the conduit and the opening to substantially inhibit deformation of the conduit 
during use. / 

3805. The system of claim 378s, wherein the first and second conductors are further 
configurable to generate radiant peat of approximately 650 W/m to approximately 1650 
W/m during use. / 

3806. The system of claim 3tf 88, further comprising an overburden casing coupled to 
the opening, wherein the ovejrburden casing is disposed in an overburden of the 
formation. / 
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3807. The system of claim 3788. further comprising 2d overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3808. The system of claim 3788, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is/disposed in an overburden of the 
formation, and wherein the overburden casirig is further disposed in cement. 

3809. The system of claim 3788, furthe/comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. / 

3810. The system of claim 378&( further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and whereii/ the packing material is further configurable to substantially 
inhibit a flow of fluid betwefen the opening and the overburden casing during use. 

3811. The system of claim 3788, wherein the heated section of the formation is 
substantially pyrolyzed. / 

3812. An in situ method for heating a coal formation, comprising: 

applying an electrical current to at least two conductors to provide heat to at least 
a portion of the formation, wherein at least the two conductors are disposed within a 
conduit, wherein the/conduit is disposed within an opening in the formation, and wherein 
at least the two conductors are electrically coupled with a connector; and 

allowing heat to transfer from at least the two conductors to a selected section of 
the formation. / 

3813. The methpd of claim 3812, wherein at least the two conductors comprise a pipe. 
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3814. The method of claim 3812, wherein at least the/two conductors comprise stainless 
steel. 

5 3815. The method of claim 3812 ; wherein the^conduit comprises stainless steel. 

3816. The method of claim 3812, furthe^comprising maintaining a location of at least 
the two conductors in the conduit with c/centralizer. 

10 3817. The method of claim 3812, further comprising maintaining a location of at least 
the two conductors in the conduit^ith a centralizer, wherein the centralizer comprises 
ceramic material. 

3818. The method of claim is 1 2, further comprising maintaining a location of at least 
15 the two conductors in the conduit with a centralizer, wherein the centralizer comprises 

ceramic material and stainless steel. 

3819. The method of elaim 3812, wherein the provided heat comprises approximately 
650 W/m to approxinptely 1650 W/m. 

20 

3820. The method/ of claim 3812, further comprising determining a temperature 
distribution in the/conduit using an electromagnetic signal provided to the conduit. 

3821 . The method of claim 3812, further comprising monitoring the applied electrical 
25 current. 



30 



3822. The method of claim 3812, further comprising monitoring a voltage applied to at 
least the two.conductors. 

3823. Th^ method of claim 3812, further comprising monitoring a temperature in the 
conduit with at least one thermocouple. 



V 
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3824. The method of claim 38 12, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed/In an overburden of the 
formation. 

5 

3825. The method of claim 3812, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing/comprises steel. 

10 3826. The method of claim 3812, further ^comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden/asing is further disposed in cement. 



3827. The method of claim 3812, further comprising coupling an overburden casing to 
15 the opening, wherein the overburden casing is disposed in an overburden of the 

formation, and wherein a packing/naterial is disposed at a junction of the overburden 
casing and the opening. 



O 



3828. The method of claim 3^8 12. further comprising coupling an overburden casing to 
20 the opening, w herein the overburden casing is disposed in an overburden of the 

formation, and wherein themiethod further comprises inhibiting a flow of fluid between 
the opening and the overbnrden casing with a packing material. 



3829. The method of claim 3812, further comprising maintaining a sufficient pressure 
25 between the conduit aip the formation to substantially inhibit deformation of the conduit. 

3830. The method of claim 3812, further comprising providing a thermally conductive 
fluid within the condiiit. 



30 3831. The method 
fluid within the 



of claim 3812, further comprising providing a thermally conductive 
corjduit, wherein the thermally conductive fluid comprises helium. 
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3832. The method of claim 3812, further comprising inhibiting arcing between at least 
the two conductors and the conduit with a fluid disposed within the conduit. 

5 3833. The method of claim 3812, further comprising /emoving a vapor from the 
opening using a perforated tube disposed proximate p the conduit in the opening to 
control a pressure in the opening. 

3834. The method of claim 3812, further composing flowing a corrosion inhibiting fluid 
10 through a perforated tube disposed proximate to the conduit in the opening. 



o 
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3835. The method of claim 3812, whereirythe conduit comprises a first section and a 
second section, wherein a thickness of thonfirst section is greater than a thickness of the 
second section such that heat radiated fr©m the first conductor to the section along the 
first section of the conduit is less than Meat radiated from the first conductor to the section 
along the second section of the conduit. 

3836. The method of claim 3812/further comprising flowing an oxidizing fluid through 
an orifice in the conduit. 

3837. The method of claim 3^12, further comprising disposing a perforated tube 
proximate to the conduit and flowing an oxidizing fluid through the perforated tube. 



3838. The method of claim 3812, further comprising heating at least the portion of the 
25 formation to substantially royrolyze at least some of the carbon within the formation. 



3839. A system configured to heat a coal formation, comprising: 

at least one conductor disposed in a conduit, wherein the conduit is disposed 
within an opening in this formation, and whereinat least the one conductor is configured 
to provide heat to at least a first portion of the formation during use; 

\ 
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at least one sliding connector, wherein at least the one sliding connector is 
coupled to at least the one conductor, wherein at least /he one sliding connector is 
configured to provide heat during use, and wherein tteat provided by at least the one 
sliding connector is substantially less than the heat/provided by at least the one conductor 
during use; and / 

wherein the system is configured to allow heat to transfer from at least the one 
conductor to a section of the formation during use. 

3840. The system of claim 3839, whereinAt least the one conductor is further 
configured to generate heat during application of an electrical current to at least the one 
conductor. / 

3841 . The system of claim 3839. wherein at least the one conductor comprises a pipe. 

3842. The system of claim 3839, wherein at least the one conductor comprises stainless 
steel. / 

3843. The system of claim 3839, wherein the conduit comprises stainless steel. 

3844. The system of claim 3y839, further comprising a centralizer configured to maintain 
a location of at least the one conductor within the conduit. 

3845. The system of claim 3839, further comprising a centralizer configured to maintain 
a location of at least the one conductor within the conduit, wherein the centralizer 
comprises ceramic maternal. 

3846. The system of ciaim 3839, further comprising a centralizer configured to maintain 
a location of at least the one conductor within the conduit, wherein the centralizer 
comprises ceramic material and stainless steel. 



763 



Conley r Rose & Tayon, P C. 



3847. The system of claim 3839, wherein the opening comprises c/diameter of at least 
approximately 5 cm. / 

3848. The system of claim 3839, further comprising a lead-in conductor coupled to at 
least the one conductor, wherein the lead-in conductor comprises a low resistance 
conductor configured to generate substantially no heat. / 

3849. The system of claim 3839, further comprising a lead-in conductor coupled to at 
least the one conductor, wherein the lead-in conductor comprises copper. 

3850. The system of claim 3839, wherein the conduit comprises a first section and a 
second section, wherein a thickness of the first section is greater than a thickness of the 
second section such that heat radiated from the/first conductor to the section along the 
first section of the conduit is less than heat raaiated from the first conductor to the section 
along the second section of the conduit. / 

385 1. The system of claim 3839, furthey comprising a fluid disposed within the conduit, 
wherein the fluid is configured to maintain a pressure within the conduit to substantially 
inhibit deformation of the conduit during use. 

3852. The system of claim 3839, further comprising a thermally conductive fluid 
disposed within the conduit. / 

3853. The system of claim 3889, further comprising a thermally conductive fluid 
disposed within the conduit, wherein the thermally conductive fluid comprises helium. 

3854. The system of clain/l 3839, further comprising a fluid disposed within the conduit, 
wherein the fluid is configured to substantially inhibit arcing between at least the one 
conductor and the condwt during use. 
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3855. The system of claim 3839, further comprising a rabe disposed within the opening 
external to the conduit, wherein the tube is configured to remove vapor produced from at 
least the heated portion of the formation such that p/essure balance is maintained 
between the conduit and the opening to substantially inhibit deformation of the conduit 
during use. , / 

3856. The system of claim 3839, wherein at least the one conductor is further 
configured to generate radiant heat of approximately 650 W/m to approximately 1650 
W/m during use. / 

3857. The system of claim 3839, further (Comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. / 

3858. The system of claim 3839, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3859. The system of claim 383/9, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3860. The system of claim 3839, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein # packing material is disposed at a junction of the overburden 
casing and the opening./ 

3861 . The system of /claim 3839, further comprising an overburden casing coupled to 
the opening, wherein/the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
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and the opening, and wherein the packing material is Airther configured to substantially 
inhibit a flow of fluid between the opening and the overburden casing during use. 

3862. The system of claim 3839, further comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing, wherein the substantially low resistancye conductor is electrically coupled to at 
least the one conductor. 
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3863. The system of claim 3839, further comprising an overburden casing coupled to 
10 the opening and a substantially low resistance conductor disposed within the overburden 
casing, wherein the substantially low resistance conductor is electrically coupled to at 
least the one conductor, and wherein tl/e substantially low resistance conductor comprises 
carbon steel. 

15 3864. The system of claim 3839, idrther comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing and a centralizer configured to support the substantially low resistance conductor 
within the overburden casing. 



20 3865. The system of claim $539, wherein the heated section of the formation is 
substantially pyrolyzed. 



3866. A system configurable to heat a coal formation, comprising: 

at least one conductor configurable to be disposed in a conduit, wherein the 
25 conduit is conligurableyfo be disposed within an opening in the formation, and wherein at 
least the one conductor is further configurable to provide heat to at least a first portion of 
the formation during use; 

at least one sjfiding connector, wherein at least the one sliding connector is 
configurable to be coupled to at least the one conductor, wherein at least the one sliding 
30 connector is further/configurable to provide heat during use, and wherein heat provided 
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by at least the one sliding connector is substantially less than/the heat provided by at least 
the one conductor during use; and 

wherein the system is configurable to allow heat t<f transfer from at least the one 
conductor to a section of the formation during use. 

3867. The system of claim 3866. wherein at least the one conductor is further 
configurable to generate heat during application of zpi electrical current to at least the one 
conductor. 

3868. The system of claim 3866, wherein at least the one conductor comprises a pipe. 

3869. The system of claim 3866, wherein at ^east the one conductor comprises stainless 
steel. 

3870. The system of claim 3866. whereinAhe conduit comprises stainless steel. 

3871 . The system of claim 3866, further comprising a centralizer configurable to 
maintain a location of at least the one conductor within the conduit. 

3872. The system of claim 3866, further comprising a centralizer configurable to 
maintain a location of at least the onp conductor within the conduit, wherein the 
centralizer comprises ceramic material. 

3873. The system of claim 3866( further comprising a centralizer configurable to 
maintain a location of at least the one conductor within the conduit, wherein the 
centralizer comprises ceramic material and stainless steel. 

3874. The system of claim 3jB66, wherein the opening comprises a diameter of at least 
approximately 5 cm. 
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3875. The system of claim 3866, further comprising a lead-in conductor coupled to at 
least the one conductor, wherein the lead-in conductor comprises f low resistance 
conductor configurable to generate substantially no heat 

5 3876. The system of claim 3866, further comprising a leaden conductor coupled to at 
least the one conductor, wherein the lead-in conductor comprises copper. 

3877. The system of claim 3866, wherein the conduit domprises a first section and a 
second section, wherein a thickness of the first section/s greater than a thickness of the 

10 second section such that heat radiated from the first conductor to the section along the 
first section of the conduit is less than heat radiated from the first conductor to the section 
along the second section of the conduit. 

3878. The system of claim 3866, further comprising a fluid disposed within the conduit, 
15 wherein the fluid is configurable to maintain a {pressure within the conduit to substantially 

inhibit deformation of the conduit during use. 



r 5 
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3879, The system of claim 3866, further comprising a thermally conductive fluid 
disposed within the conduit. 

3880. The system of claim 3866, further Comprising a thermally conductive fluid 
disposed within the conduit, wherein theithermally conductive fluid comprises helium. 



3881. The system of claim 3866, further comprising a fluid disposed within the conduit, 
25 wherein the fluid is configurable to substantially inhibit arcing between at least the one 
conductor and the conduit during use. 



30 



3882. The system of claim 3866, further comprising a tube disposed within the opening 
external to the conduit, wherein the tube is configurable to remove vapor produced from 
at least the heated portion of the formation such that a pressure balance is maintained 



768 



Conley, Rose & Tayon, P.C. 



between the conduit and the opening to substantially inhibit < 
during use. 



formation of the conduit 



3883. The system of claim 3866, wherein at least the onfe conductor is further 
configurable to generate radiant heat of approximately ^50 W/m to approximately 1650 
W/m during use. 

3884. The system of claim 3866, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 

3885. The system of claim 3866, further comp/ising an overburden casing coupled to 
the opening, wherein the overburden casing is nisposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3886. The system of claim 3866, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3887. The system of claim 3866, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing ma/erial is disposed at a junction of the overburden 
casing and the opening. 



3888. The system of claim 3866, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is further configurable to substantially 
inhibit a flow of fluid between trie opening and the overburden casing during use. 
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3889. The system of claim 3866, further comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing, wherein the substantially low resistance conductor is electrically coupled to at 
least the one conductor. / 

3890. The system of claim 3866, further comprising am overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing, wherein the substantially low resistance conductor is electrically coupled to at 
least the one conductor, and wherein the substantially low resistance conductor comprises 
carbon steel. / 

3891 . The system of claim 3866, further comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing and a centralizer configurable to support the substantially low resistance conductor 
within the overburden casing. / 

3892. The system of claim 3866, wherein the heated section of the formation is 
substantially pyrolyzed. / 

3893. An in situ method for heating a coal formation, comprising: 

applying an electrical current to at least one conductor and at least one sliding 
connector to provide heat to at least a portion of the formation, wherein at least the one 
conductor and at least the one sliding connector are disposed within a conduit, and 
wherein heat provided by at least the one conductor is substantially greater than heat 
provided by at least the one sliding connector; and 

allowing the heat to /ransfer from at least the one conductor and at least the one 
sliding connector to a section of the formation. 

3894. The method of claim 3893, wherein at least the one conductor comprises a pipe. 
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3895. The method of claim 3893, wherein at least the one conductor comprises stainless 
steel. 

3896. The method of claim 3893, wherein the conduit comprises stainless steel. 
5 / 

3897. The method of claim 3893, further comprisir^g maintaining a location of at least 
the one conductor in the conduit with a centralizer/ 

3898. The method of claim 3893, further comprising maintaining a location of at least 
10 the one conductor in the conduit with a centr/lizer, wherein the centralizer comprises 

ceramic material. 

3899. The method of claim 3893, furtj/er comprising maintaining a location of at least 
the one conductor in the conduit withya centralizer, wherein the centralizer comprises 

15 ceramic material and stainless steely/ 

3900. The method of claim 389Q, wherein the provided heat comprises approximately 
650 W/m to approximately 1650 W/m. 



y 



20 3901 . The method of claim 3893, further comprising determining a temperature 
distribution in the conduitAising an electromagnetic signal provided to the conduit. 



25 



3902. The method of /laim 3893, further comprising monitoring the applied electrical 
current. 

3903. The method/of claim 3893, further comprising monitoring a voltage applied to at 
least the one conductor. 



3904. The method of claim 3893, further comprising monitoring a temperature in the 
30 conduit with at least one thermocouple. 
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3905. The method of claim 3893, further comprising coupling aiv overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. / 

3906. The method of claim 3893, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3907. The method of claim 3893, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is mrther disposed in cement. 

3908. The method of claim 3893, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing Ls disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. / 

3909. The method of claim 3893, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the method nirther comprises inhibiting a flow of fluid between 
the opening and the overburden ca/ing with a packing material. 

3910. The method of claim 3893, further comprising coupling an overburden casing to 
the opening, wherein a substantially low resistance conductor is disposed within the 
overburden casing, and where/n the substantially low resistance conductor is electrically 
coupled to at least the one conductor. 

3911. The method of claimf 3893, further comprising coupling an overburden casing to 
the opening, wherein a substantially low resistance conductor is disposed within the 
overburden casing, wherein the substantially low resistance conductor is electrically 



772 



Conley, Rose & Tayon, P C. 




coupled to at least the one conductor, and wherein the substantially low resistance 
conductor comprises carbon steel. / 

3912. The method of claim 3893, further comprisingycoupling an overburden casing to 
the opening, wherein a substantially low resistance conductor is disposed within the 
overburden casing, wherein the substantially low resistance conductor is electrically 
coupled to at least the one conductor, and wherein the method further comprises 
maintaining a location of the substantially low resistance conductor in the overburden 
casing with a centralizer support. / 

3913. The method of claim 3893, further Comprising electrically coupling a lead-in 
conductor to at least the one conductor, wherein the lead-in conductor comprises a low 
resistance conductor configured to gene/ate substantially no heat. 

3914. The method of claim 3893, further comprising electrically coupling a lead-in 
conductor to at least the one conduc/or, wherein the lead-in conductor comprises copper. 

3915. The method of claim 3 89 J, further comprising maintaining a sufficient pressure 
between the conduit and the formation to substantially inhibit deformation of the conduit. 

3916. The method of claim 3f893, further comprising providing a thermally conductive 
fluid within the conduit. / 

3917. The method of claim 3893, further comprising providing a thermally conductive 
fluid within the conduit, wherein the thermally conductive fluid comprises helium. 

3918. The method of dlaim 3893, further comprising inhibiting arcing between the 
conductor and the conduit with a fluid disposed within the conduit. 
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3919. The method of claim 3893, further comprising remov/ng a vapor from the 
opening using a perforated tube disposed proximate to the (Conduit in the opening to 
control a pressure in the opening. / 

3920. The method of claim 3893, further comprising flowing a corrosion inhibiting fluid 
through a perforated tube disposed proximate to the/conduit in the opening. 

3921 . The method of claim 3893, further comprising flowing an oxidizing fluid through 
an orifice in the conduit. / 

3922. The method of claim 3893, further comprising disposing a perforated tube 
proximate to the conduit and flowing an oxid/zing fluid through the perforated tube. 

3923. The method of claim 3893, further comprising heating at least the portion of the 
formation to substantially pyrolyze at leap some of the carbon within the formation. 

3924. A system configured to heat a Goal formation, comprising: 

at least one elongated membey disposed within an opening in the formation, 
wherein at least the one elongated member is configured to provide heat to at least a 
portion of the formation during use/ and 

wherein the system is configured to allow heat to transfer from at least the one 
elongated member to a section outhe formation during use. 

3925. The system of claim 3924, wherein at least the one elongated member comprises 
stainless steel. / 

3926. The system of daim/>924, wherein at least the one elongated member is further 
configured to generate heat/during application of an electrical current to at least the one 
elongated member. / 
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3927. The system of claim 3924. further comprising a support member coupled to at 
least the one elongated member, wherein the suppocf member is configured to support at 
least the one elongated member. / 

3928. The system of claim 3924, further comprising a support member coupled to at 
least the one elongated member, wherein the/support member is configured to support at 
least the one elongated member, and wherein the support member comprises openings. 

3929. The system of claim 3924, further comprising a support member coupled to at 
least the one elongated member, wherein the support member is configured to support at 
least the one elongated member, wherein the support member comprises openings, 
wherein the openings are configured to flow a fluid along a length of at least the one 
elongated member during use, ana wherein the fluid is configured to substantially inhibit 
carbon deposition on or proximate to at least the one elongated member during use. 

3930. The system of claim ^924, further comprising a tube disposed in the opening, 
wherein the tube comprises openings, wherein the openings are configured to flow a fluid 
along a length of at least the one elongated member during use, and wherein the fluid is 
configured to substantially inhibit carbon deposition on or proximate to at least the one 
elongated member during use. 

393 1 . The system of/claim 3924, further comprising a centralizer coupled to at least the 
one elongated member, wherein the centralizer is configured to electrically isolate at least 
the one elongated member. 

3932. The system of claim 3924, further comprising a centralizer coupled to at least the 
one elongated member and a support member coupled to at least the one elongated 
member, wherein the centralizer is configured to maintain a location of at least the one 
elongated member on the support member. 
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3933. The system of claim 3924. wherein the opening compi 
approximately 5 cm. / 



ses a diameter of at least 



3934. The system of claim 3924, further comprising a/ead-in conductor coupled to at 
least the one elongated member, wherein the lead-in conductor comprises a low 
resistance conductor configured to generate substantially no heat. 

3935. The system of claim 3924, further comprising a lead-in conductor coupled to at 
least the one elongated member, wherein the lead-in conductor comprises a rubber 
insulated conductor. / 

3936. The system of claim 3924, furtheycomprising a lead-in conductor coupled to at 
least the one elongated member, wherein the lead-in conductor comprises copper wire. 

3937. The system of claim 3924, furnier comprising a lead-in conductor coupled to at 
least the one elongated member witly a cold pin transition conductor. 

3938. The system of claim 3924,/ftirther comprising a lead-in conductor coupled to at 
least the one elongated member with a cold pin transition conductor, wherein the cold pin 
transition conductor comprises a substantially low resistance insulated conductor. 

3939. The system of claim 3^24, wherein at least the one elongated member is arranged 
in a series electrical configuration. 

3940. The system of claim 3924, wherein at least the one elongated member is arranged 
in a parallel electrical configuration. 

3941 . The system of tlaim 3924, wherein at least the one elongated member is 
configured to generate radiant heat of approximately 650 W/m to approximately 1650 
W/m during use. / 
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3942. The system of claim 3924, further comprising a perforated tube disposed in the 
opening external to at least the one elongated member/wherein the perforated tube is 
configured to remove vapor from the opening to control a pressure in the opening during 
use. / 

3943. The system of claim 3924, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing indisposed in an overburden of the 
formation. / 

3944. The system of claim 3924, furthe/ comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3945. The system of claim 3924, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3946. The system of claim 3y924, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. / 

3947. The system of c/aim 3924, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, ancy wherein the packing material comprises cement. 

3948. The systenyof claim 3924, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, where/In a packing material is disposed at a junction of the overburden casing 
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and the opening, and wherein the packing material is further configured to substantially 
inhibit a flow of fluid between the opening and the overburden casing during use. 

3949. The system of claim 3924, wherein the heated section of the formation is 
substantially pyrolyzed. / 

3950. A system configurable to heat a coal formation^ comprising: 

at least one elongated member configurable to be disposed within an opening in 
the formation, wherein at least the one elongated member is further configurable to 
provide heat to at least a portion of the formation during use; and 

wherein the system is configurable to allow heat to transfer from at least the one 
elongated member to a section of the formation during use. 

395 1 . The system of claim 3950, wherein at least the one elongated member comprises 
stainless steel. / 

3952. The system of claim 3950, wherein at least the one elongated member is further 
configurable to generate heat during application of an electrical current to at least the one 
elongated member. / 

3953. The system of claim 3950, further comprising a support member coupled to at 
least the one elongated member, wherean the support member is configurable to support 
at least the one elongated member. / 

3954. The system of claim 3950, fiUrther comprising a support member coupled to at 
least the one elongated member, vyherein the support member is configurable to support 
at least the one elongated member, and wherein the support member comprises openings. 

3955. The system of claim 3910, further comprising a support member coupled to at 
least the one elongated membdh wherein the support member is configurable to support 
at least the one elongated member, wherein the support member comprises openings, 
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wherein the openings are configurable to flow a fluid along a length of at least the one 
elongated member during use, and wherein the fluid is configurable to substantially 
inhibit carbon deposition on or proximate to at least the one elongated member during 
use. / 

3956. The system of claim 3950, further compulsing a tube disposed in the opening, 
wherein the tube comprises openings, whereinAhe openings are configurable to flow a 
fluid along a length of at least the one elongated member during use, and wherein the 
fluid is configurable to substantially inhibiycarbon deposition on or proximate to at least 
the one elongated member during use. / 

3957. The system of claim 3950, furtaer comprising a centralizer coupled to at least the 
one elongated member, wherein the centralizer is configurable to electrically isolate at 
least the one elongated member. / 

3958. The system of claim 3950, further comprising a centralizer coupled to at least the 
one elongated member and a support member coupled to at least the one elongated 
member, wherein the centralizer is configurable to maintain a location of at least the one 
elongated member on the support member. 

3959. The system of claim 3950, wherein the opening comprises a diameter of at least 
approximately 5 cm. / 

3960. The system of o/laim 3950, further comprising a lead-in conductor coupled to at 
least the one elongatea member, wherein the lead-in conductor comprises a low 
resistance conductor configurable to generate substantially no heat. 

396 1 . The system m claim 3950, further comprising a lead-in conductor coupled to at 
least the one elong^ed member, wherein the lead-in conductor comprises a rubber 
insulated conductor. 
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q-in conductor coupled to at 
ctor comprises copper wire. 

3963. The system of claim 3950, further comprising i lead-in conductor coupled to at 
least the one elongated member with a cold pin transition conductor. 

3964. The system of claim 3950, further comprising a lead-in conductor coupled to at 
least the one elongated member with a cold pin transition conductor, wherein the cold pin 
transition conductor comprises a substantially low resistance insulated conductor. 

3965. The system of claim 3950, wherein at least the one elongated member is arranged 
in a series electrical configuration. / 

3966. The system of claim 3950, wherein at least the one elongated member is arranged 
in a parallel electrical configuration. / 

3967. The system of claim 3950, wherein at least the one elongated member is 
configurable to generate radiant heat <f>f approximately 650 W/m to approximately 1650 
W/m during use. / 

3968. The system of claim 3950,/further comprising a perforated tube disposed in the 
opening external to at least the one elongated member, wherein the perforated tube is 
configurable to remove vapor fvprn the opening to control a pressure in the opening 
during use. 

3969. The system of claim 
the opening, wherein the ovj 
formation. / 



3962. The system of claim 3950, further comprising a lea 
least the one elongated member, wherein the lead-in cone 



J950, further comprising an overburden casing coupled to 
£rburden casing is disposed in an overburden of the 
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3970. The system of claim 3950, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is dispos/d in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

397 1 . The system of claim 3950. further composing an overburden casing coupled to 
the opening, wherein the overburden casing isydisposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3972. The system of claim 3950, further /comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. / 

3973. The system of claim 3950, Anther comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein me packing material comprises cement. 

3974. The system of clainy3950, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wnerein the packing material is further configurable to substantially 
inhibit a flow of fluid Between the opening and the overburden casing during use. 

3975. The system dlclaim 3950, wherein the heated section of the formation is 
substantially pyrolwed. 

3976. An in situ/method for heating a coal formation, comprising: 

applying/an electrical current to at least one elongated member to provide heat to 
at least a portion of the formation, wherein at least the one elongated member is disposed 
within an opening of the formation; and 
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allowing heat to transfer from at least the one elongatedymember to a section of 
the formation. 

3977. The method of claim 3976, wherein at least the on</elongated member comprises 
5 a metal strip. 

3978. The method of claim 3976, wherein at least tl^ one elongated member comprises 
a metal rod. 

10 3979. The method of claim 3976, wherein at le^st the one elongated member comprises 
stainless steel. 

3980. The method of claim 3976, further o6mprising supporting at least the one 
elongated member on a center support member. 

15 

398 1 . The method of claim 3976, further comprising supporting at least the one 
elongated member on a center suppose member, wherein the center support member 
comprises a tube. 

20 3982. The method of claim 397tf(, farther comprising electrically isolating at least the 
one elongated member with a centralizes 

3983. The method of claim #976, further comprising laterally spacing at least the one 
elongated member with a cdntralizer. 
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3984. The method of claim 3976 ? further comprising electrically coupling at least the 
one elongated member in a series configuration. 



3985. The method offclaim 3976, further comprising electrically coupling at least the 
30 one elongated member in a parallel configuration. 
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3986. The method of claim 3976 ? wherein the provided jieat comprises approximately 
650 W/m to approximately 1650 W/m. 

3987. The method of claim 3976, further comprising determining a temperature 
5 distribution in at least the one elongated member ysing an electromagnetic signal 

provided to at least the one elongated member. 
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3988. The method of claim 3976, further comprising monitoring the applied electrical 
current. 

3989. The method of claim 3976, furth^ comprising monitoring a voltage applied to at 
least the one elongated member. 



3990. The method of claim 3976. fi/rther comprising monitoring a temperature in at 
15 least the one elongated member wim at least one thermocouple. 

3991. The method of claim 39^6, further comprising supporting at least the one 
elongated member on a center support member, wherein the center support member 
comprises openings, the method further comprising flowing an oxidizing fluid through 

20 the openings to substantially/inhibit carbon deposition proximate to or on at least the one 
elongated member. 
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3992. The method of claim 3976, further comprising flowing an oxidizing fluid through 
a tube disposed proximate to at least the one elongated member to substantially inhibit 
carbon deposition proximate to or on at least the one elongated member. 



3993. The method off claim 3976, further comprising flowing an oxidizing fluid through 
an opening in at least/the one elongated member to substantially inhibit carbon deposition 
proximate to or on at least the one elongated member. 
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3994. The method of claim 3976, further comprising electrically coupling a lead-in 
conductor to at least the one elongated member, wherein the lead-in conductor comprises 
a low resistance conductor configured to generate substantially no heat. 

5 3995. The method of claim 3976, further comprising electrically coupling a lead-in 
conductor to at least the one elongated member using a cold pin transition conductor. 
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3996. The method of claim 3976, further come/rising electrically coupling a lead-in 
conductor to at least the one elongated member using a cold pin transition conductor, 
wherein the cold pin transition conductor comprises a substantially low resistance 
insulated conductor. 
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3997. The method of claim 3976, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 

15 formation. 

3998. The method of claim 3976, Airther comprising coupling an overburden casing to 
the opening, wherein the overburden casing comprises steel. 

20 3999. The method of claim 39y76, further comprising coupling an overburden casing to 
the opening, wherein the overWurden casing is disposed in cement. 

4000. The method of clainy 3976, further comprising coupling an overburden casing to 
the opening, wherein a packing material is disposed at a junction of the overburden 
25 casing and the opening. 



4001 . The method of claim 3976, further comprising coupling an overburden casing to 
the opening, wherein a/packing material is disposed at a junction of the overburden 
casing and the opening, and wherein the method further comprises inhibiting a flow of 
fluid between the opefaing and the overburden casing with the packing material. 
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4002. The method of claim 3976, further comprising heating at least the portion of the 
formation to substantially pyrolyze at least some of the carbon within the formation. 

4003. A system configured to heat a coal formation, /omprising: 

at least one elongated member disposed witmn an opening in the formation, 
wherein at least the one elongated member is configured to provide heat to at least a 
portion of the formation during use; 

an oxidizing fluid source; 

a conduit disposed within the opening, wherein the conduit is configured to 
provide an oxidizing fluid from the oxidizing fluid source to the opening during use, and 
wherein the oxidizing fluid is selected to Substantially inhibit carbon deposition on or 
proximate to at least the one elongated member during use; and 

wherein the system is configured to allow heat to transfer from at least the one 
elongated member to a section of the/formation during use. 

4004. The system of claim 4003/wherein at least the one elongated member comprises 
stainless steel. 



p 



4005. The system of claim 4/J03, wherein at least the one elongated member is further 
20 configured to generate heat jauring application of an electrical current to at least the one 
elongated member. 
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4006. The system of claim 4003, wherein at least the one elongated member is coupled 
to the conduit, wherein^he conduit is further configured to support at least the one 
elonsated member. 



4007. The system if claim 4003, wherein at least the one elongated member is coupled 
to the conduit, wherein the conduit is further configured to support at least the one 
elongated member, and wherein the conduit comprises openings. 
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4008. The system of claim 4003 , further comprising a centralizer coupled to at least the 
one elongated member and the conduit, wherein the centralizer is configured to 
electrically isolate at least the one elongated member frojn the conduit. 

4009. The system of claim 4003, further comprising a centralizer coupled to at least the 
one elongated member and the conduit, wherein the centralizer is configured to maintain 
a location of at least the one elongated member on the conduit. 

4010. The system of claim 4003, wherein the opening comprises a diameter of at least 
approximately 5 cm. / 

401 1. The system of claim 4003, further comprising a lead-in conductor coupled to at 
least the one elongated member, where/n the lead-in conductor comprises a low 
resistance conductor configured to generate substantially no heat. 

4012. The system of claim 4003 Jriirther comprising a lead-in conductor coupled to at 
least the one elongated member, ywherein the lead-in conductor comprises a rubber 
insulated conductor. / 

4013. The system of claim A003, further comprising a lead-in conductor coupled to at 
least the one elongated member, wherein the lead-in conductor comprises copper wire. 

4014. The system of claim 4003, further comprising a lead-in conductor coupled to at 
least the one elongated/member with a cold pin transition conductor. 

4015. The system of claim 4003, further comprising a lead-in conductor coupled to at 
least the one elongated member with a cold pin transition conductor, wherein the cold pin 
transition conductor comprises a substantially low resistance insulated conductor. 

40 1 6. The system of claim 4003, wherein at least the one elongated member is arranged 
in a series electrical configuration. 
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40 1 7. The system of claim 4003, wherein at least the one elongated member is arranged 
in a parallel electrical configuration. / 

401 8. The system of claim 4003 s wherein at least the one elongated member is 
configured to generate radiant heat of approximately 650 W/m to approximately 1650 
W/m during use. / 

4019. The system of claim 4003, further comprising/a perforated tube disposed in the 
opening external to at least the one elongated member, wherein the perforated tube is 
configured to remove vapor from the opening to control a pressure in the opening during 
use. / 

4020. The system of claim 4003, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. / 

402 1 . The system of claim 4003, further/comprising an overburden casing coupled to 
the opening, wherein the overburden cas/ng is disposed in an overburden of the 
formation, and wherein the overburden/casing comprises steel. 

4022. The system of claim 4003, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

4023. The system of claim 40QS, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. / 
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4024. The system of claim 4003, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed m an overburden of the 
formation, wherein a packing material is disposed at adjunction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

4025. The system of claim 4003, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is further configured to substantially 
inhibit a flow of fluid between the opening and the overburden casing during use. 

4026. The system of claim 4003, where/n the heated section of the formation is 
substantially pyrolyzed. / 

4027. A system configurable to hea/a coal formation, comprising: 

at least one elongated membfer configurable to be disposed within an opening in 
the formation, wherein at least theybne elongated member is further configurable to 
provide heat to at least a portion 6f the formation during use; 

a conduit configurable id be disposed within the opening, wherein the conduit is 

further configurable to provide/an oxidizing fluid from the oxidizing fluid source to the 

w / * 

opening during use, and wherein the system is configurable to allow the oxidizing fluid to 

substantially inhibit carbon deposition on or proximate to at least the one elongated 

member during use; and / 

wherein the systenV is further configurable to allow heat to transfer from at least 

the one elongated member to a section of the formation during use. 

4028. The system of cfeim 4027, wherein at least the one elongated member comprises 
stainless steel. / 
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4029. The system of claim 4027, wherein at least the one elongated member is further 
configurable to generate heat during application of an electrjcal current to at least the one 
elongated member. 

5 4030. The system of claim 4027, wherein at least theZne elongated member is coupled 
to the conduit, wherein the conduit is further configurable to support at least the one 
elongated member. 

403 1 . The system of claim 4027, wherein at lept the one elongated member is coupled 
10 to the conduit, wherein the conduit is further configurable to support at least the one 
elongated member, and wherein the conduit comprises openings. 
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4032. The system of claim 4027, further obmprising a centralizer coupled to at least the 
one elongated member and the conduit, wherein the centralizer is configurable to 
electrically isolate at least the one elongated member from the conduit. 

4033. The system of claim 4027, furtner comprising a centralizer coupled to at least the 
one elongated member and the conduit, wherein the centralizer is configurable to 
maintain a location of at least the one elongated member on the conduit. 

4034. The system of claim 4027/ wherein the opening comprises a diameter of at least 
approximately 5 cm. 



4035. The system of claim 4827, further comprising a lead-in conductor coupled to at 
25 least the one elongated membfer, wherein the lead-in conductor comprises a low 
resistance conductor configurable to generate substantially no heat. 
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4036. The system of clai/n 4027, further comprising a lead-in conductor coupled to at 
least the one elongated n/ember, wherein the lead-in conductor comprises a rubber 
insulated conductor. 
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4037. The system of claim 4027, further comprising a lead-in Conductor coupled to at 
least the one elongated member, wherein the lead-in conductor comprises copper wire. 

4038. The system of claim 4027, further comprising a load-in conductor coupled to at 
least the one elongated member with a cold pin transition conductor. 

4039. The system of claim 4027, further comprising a lead-in conductor coupled to at 
least the one elongated member with a cold pin transition conductor, wherein the cold pin 
transition conductor comprises a substantially low resistance insulated conductor. 

4040. The system of claim 4027, wherein at /east the one elongated member is arranged 
in a series electrical configuration. / 

4041 . The system of claim 4027, wherem at least the one elongated member is arranged 
in a parallel electrical configuration. / 

4042. The system of claim 4027, wherein at least the one elongated member is 
configurable to generate radiant heat of approximately 650 W/m to approximately 1650 
W/m during use. / 

4043. The system of claim 4027, further comprising a perforated tube disposed in the 
opening external to at least the one elongated member, wherein the perforated tube is 
configurable to remove vapor from the opening to control a pressure in the opening 
during use. / 

4044. The system of clafim 4027, further comprising an overburden casing coupled to 
the opening, wherein thp overburden casing is disposed in an overburden of the 
formation. / 
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4045. The system of claim 4027, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in 2m overburden of the 
formation, and wherein the overburden casing comprises' steel. 

4046. The system of claim 4027, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation,, and wherein the overburden casing is/further disposed in cement. 

4047. The system of claim 4027, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. / 

4048. The system of claim 4027. farther comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

4049. The system of claim 4027, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is further configurable to substantially 
inhibit a flow of fluid between the opening and the overburden casing during use. 

4050. The system of claim 4027, wherein the heated section of the formation is 
substantially pyrolyzed. 

405 1 . An in situ method for heating a coal formation, comprising: 

applying an electrical current to at least one elongated member to provide heat to 
at least a portion of the formation, wherein at least the one elongated member is disposed 
within an opening in the formation; 
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providing an oxidizing fluid to at least the one elongated member to substantially 
inhibit carbon deposition on or proximate to at least the one elongated member; and 

allowing heat to transfer from at least the one elongate*! member to a section of 
the formation. 

5 

4052. The method of claim 405 1 , wherein at least the o/e elongated member comprises 
a metal strip. 

4053. The method of claim 405 1 , wherein at least /he one elongated member comprises 
10 a metal rod. 



CJ 
CO 



ru 



4054. The method of claim 405 1 , wherein at |east the one elongated member comprises 
stainless steel. 

15 4055. The method of claim 405 1 , further ^comprising supporting at least the one 
elongated member on a center support member. 

4056. The method of claim 405 1 , fuiper comprising supporting at least the one 
elongated member on a center support member, wherein the center support member 

20 comprises a tube. 

4057. The method of claim 405L further comprising electrically isolating at least the 
one elongated member with a centralizes 



25 4058. The method of claim A05 1, further comprising laterally spacing at least the one 
elongated member with a centralizer. 
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4059. The method of claim 405 1 , further comprising electrically coupling at least the 
one elongated member in a series configuration. 
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4060. The method of claim 405 1 , further comprising electrically coupling at least the 
one elongated member in a parallel configuration. 

406 1 . The method of claim 405 1 , wherein the provided he^t comprises approximately 
5 650 W/m to approximately 1650 W/m. 

4062. The method of claim 405 1 , further comprising determining a temperature 
distribution in at least the one elongated member usir^g an electromagnetic signal 
provided to at least the one elongated member. 

10 

4063 . The method of claim 405 1 , further composing monitoring the applied electrical 
current. 

4064. The method of claim 405 1, further co/nprising monitoring a voltage applied to at 
15 least the one elongated member. 

4065. The method of claim 405 1, furthef comprising monitoring a temperature in at 
least the one elongated member with at /east one thermocouple. 
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4066. The method of claim 405 1 , further comprising supporting at least the one 
elongated member on a center support member, wherein the center support member 
comprises openings, wherein providing the oxidizing fluid to at least the one elongated 
member comprises flowing the oxidizing fluid through the openings in the center support 
member. 

4067. The method of claim 405 1, wherein providing the oxidizing fluid to at least the 
one elongated member comprises flowing the oxidizing fluid through orifices in a tube 
disposed in the opening proximate to at least the one elongated member. 
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4068. The method of claim 405 1 . further comprising electrically coupling a lead-in 
conductor to at least the one elongated member, wherein the/lead-in conductor comprises 
a low resistance conductor configured to generate substantially no heat. 

5 4069. The method of claim 405 1 , further comprising electrically coupling a lead-in 
conductor to at least the one elongated member using a? cold pin transition conductor. 
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4070. The method of claim 405 1 , further comprising electrically coupling a lead-in 
conductor to at least the one elongated member using a cold pin transition conductor, 
wherein the cold pin transition conductor comprises a substantially low resistance 
insulated conductor. 
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4071. The method of claim 405 1, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is/disposed in an overburden of the 

15 formation. 

4072. The method of claim 405 1, further Comprising coupling an overburden casing to 
the opening, wherein the overburden casing comprises steel. 

20 4073 . The method of claim 405 1 , furth'er comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in cement. 

4074. The method of claim 405 1 , fiirther comprising coupling an overburden casing to 
the opening, wherein a packing material is disposed at a junction of the overburden 
25 casing and the opening. 
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4075. The method of claim 405 1/, further comprising coupling an overburden casing to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening, and wherein the method further comprises inhibiting a flow of 
fluid between the opening and the overburden casing with the packing material. 
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4076. The method of claim 405 1 , further comprising heatingyQt least the portion of the 
formation to substantially pyrolyze at least some of the carbon within the formation. 
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4077. An in situ method for heating a coal formation, cgmprising: 
oxidizing a fuel fluid in a heater; 

providing at least a portion of the oxidized fue^ fluid into a conduit disposed in an 
opening of the formation; 

allowing heat to transfer from the oxidized ^uel fluid to a section of the formation; 

and 

allowing additional heat to transfer fronykn electric heater disposed in the opening 
to the section of the formation, wherein heat iyallowed to transfer substantially uniformly 
along a length of the opening. 
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4078. The method of claim 4077, wherein providing at least the portion of the oxidized 
15 fuel fluid into the opening comprises floywing the oxidized fuel fluid through a perforated 
conduit disposed in the opening. 
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4079. The method of claim 4077, wherein providing at least the portion of the oxidized 
fuel fluid into the opening comprises flowing the oxidized fuel fluid through a perforated 
conduit disposed in the opening,/he method further comprising removing an exhaust 
fluid through the opening. 



25 



4080. The method of claim /1077, further comprising initiating oxidation of the fuel fluid 
in the heater with a flame. 

408 1 . The method of cl^im 4077, further comprising removing the oxidized fuel fluid 
through the conduit. 



4082. The method of claim 4077, further comprising removing the oxidized fuel fluid 
30 through the conduit and providing the removed oxidized fuel fluid to at least one 
additional heater distoosed in the formation. 
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4083. The method of claim 4077, wherein the conduit comprises an insulator disposed 
on a surface of the conduit, the method further comprising tapering a thickness of the 
insulator such that heat is allowed to transfer substantially uniformly along a length of the 
conduit. / 

4084. The method of claim 4077, wherein the electricmeater is an insulated conductor. 

4085. The method of claim 4077, wherein the electpc heater is a conductor disposed in 
the conduit. / 

4086. The method of claim 4077, wherein the electric heater is an elongated conductive 
member. / 

4087. A system configured to heat a coal formation, comprising: 

one or more heat sources disposed within one or more open wellbores in the 
formation, wherein the one or more heat sources are configured to provide heat to at least 
a portion of the formation during use; ana 

wherein the system is configured to allow heat to transfer from the one or more 
heat sources to a selected section of the formation during use. 

4088. The system of claim 4087, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

4089. The system of claim 4087, wherein the one or more heat sources comprise 
electrical heaters. / 

4090. The system of claim 4087, wherein the one or more heat sources comprise surface 
burners. / 
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4091 . The system of claim 4087, wherein the one or more heat scmrces comprise 
flameless distributed combustors. / 

4092. The system of claim 4087, wherein the one or more/neat sources comprise natural 
distributed combustors. / 

4093. The system of claim 4087, wherein the one o/ more open wellbores comprise a 
diameter of at least approximately 5 cm. / 

4094. The system of claim 4087, further comprising an overburden casing coupled to at 
least one of the one or more open wellbores, wherein the overburden casing is disposed in 
an overburden of the formation. / 

4095. The system of claim 4087, further comprising an overburden casing coupled to at 
least one of the one or more open wellbores, wherein the overburden casing is disposed in 
an overburden of the formation, and wherein the overburden casing comprises steel. 

4096. The system of claim 4087/ further comprising an overburden casing coupled to at 
least one of the one or more open wellbores, wherein the overburden casing is disposed in 
an overburden of the formation, and wherein the overburden casing is further disposed in 
cement. / 

4097. The system of claim 4087, further comprising an overburden casing coupled to at 
least one of the one or mpre open wellbores, wherein the overburden casing is disposed in 
an overburden of the formation, and wherein a packing material is disposed at a junction 
of the overburden casing and the at least one of the one or more open wellbores. 

4098. The system of claim 4087, further comprising an overburden casing coupled to at 
least one of the on&or more open wellbores, wherein the overburden casing is disposed in 
an overburden of tne formation, wherein a packing material is disposed at a junction of 
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the overburden casing and the at least one of the one or more/open wellbores, and 
wherein the packing material is configured to substantially/inhibit a flow of fluid between 
at least one of the one or more open wellbores and the overburden casing during use. 

4099. The system of claim 4087, further comprising an overburden casing coupled to at 
least one of the one or more open wellbores, wherein the overburden casing is disposed in 
an overburden of the formation, wherein a packing material is disposed at a junction of 
the overburden casing and the at least one of the one or more open wellbores, and 
wherein the packing material comprises cement. 

4100. The system of claim 4087, wherein the system is further configured to transfer 
heat such that the transferred heat can p^tolyze at least some hydrocarbons in the selected 
section. / 

4101 . The system of claim 4087, further comprising a valve coupled to at least one of 
the one or more heat sources configured to control pressure within at least a majority of 
the selected section of the formation. 

41 02. The system of claim 408 7, further comprising a valve coupled to a production 
well configured to control a pressure within at least a majority of the selected section of 
the formation. / 

4103. A method of treating a coal formation in situ, comprising: 

providing heat from one or more heat sources to at least one portion of the 
formation, wherein the ome or more heat sources are disposed within one or more open 
wellbores in the formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; and 

producing a mixture from the formation.. 
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4104. The method of claim 4103, wherein the one or mpre heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons withiiyfhe selected section of the 
formation. / 

4105. The method of claim 4103, wherein controlling formation conditions comprises 
maintaining a temperature within the selected/section within a pyrolysis temperature 
range with a lower pyrolysis temperature of about 250 °C and an upper pyrolysis 
temperature of about 400 °C. / 

4106. The method of claim 4103, wherein the one or more heat sources comprise 
electrical heaters. / 

4107. The method of claim 4103, wherein the one or more heat sources comprise 
surface burners. / 

4108. The method of claim 4V03, wherein the one or more heat sources comprise 
flameless distributed combusfors. 

4109. The method of claim 4103, wherein the one or more heat sources comprise natural 
distributed combustors. / 

4110. The method of/;laim 4103, wherein the one or more heat sources are suspended 
within the one or more open wellbores. 

4111. The method of claim 4103, wherein a tube is disposed in at least one of the one or 
more open wellbofres proximate to heat source, the method further comprising flowing a 
substantially constant amount a fluid into at least one of the one or more open wellbores 
through critical flow orifices in the tube. 
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4112. The method of claim 4103, wherein a perforated tube is disposed in at least one of 
the one or more open wellbores proximate to the heat source, the method further 
comprising flowing a corrosion inhibiting fluid into at least one of the open wellbores 
through the perforated tube. 

4113. The method of claim 4103, further comprising coupling an overburden casing to 
at least one of the one or more open wellbores, wjjerein the overburden casing is disposed 
in an overburden of the formation. 
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10 41 14. The method of claim 4103, further comprising coupling an overburden casing to 
at least one of the one or more open wellbores. wherein the overburden casing is disposed 
in an overburden of the formation, and wherein the overburden casing comprise steel. 

4115. The method of claim 4103, furthir comprising coupling an overburden casing to 
15 at least one of the one or more open wellbores, wherein the overburden casing is disposed 

in an overburden of the formation, ana wherein the overburden casing is further disposed 
in cement. 

4116. The method of claim 4 1 03/ further comprising coupling an overburden casing to 
20 at least one of the one or more open wellbores, wherein the overburden casing is disposed 

in an overburden of the formation, and wherein a packing material is disposed at a 
junction of the overburden casing and the at least one of the one or more open wellbores. 



4117. The method of claim ft 103, further comprising coupling an overburden casing to 
25 at least one of the one or more open wellbores, wherein the overburden casing is disposed 
in an overburden of the formation, and wherein the method further comprises inhibiting a 
flow of fluid between the at least one of the one or more open wellbores and the 
overburden casing with a/packing material. 



30 4118. The method of tflaim 4103, further comprising heating at least the portion of the 
formation to substantially pyrolyze at least some of the carbon within the formation. 
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4119. The method of claim 4103, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or th^/temperature is controlled as 

5 a function of pressure. 

4 1 20. The method of claim 4 1 03, further comprising/ontrolling a pressure with the 
wellbore. 

10 4121. The method of claim 4103, further comprising controlling a pressure within at 
least a majority of the selected section of the f9rmation with a valve coupled to at least 
one of the one or more heat sources. 

4122. The method of claim 4103, furthe^comprising controlling a pressure within at 
15 least a majority of the selected section o/ the formation with a valve coupled to a 
production well located in the formatic 
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4123. The method of claim 4103, further comprising controlling the heat such that an 
average heating rate of the selectejfl section is less than about 1 °C per day during 
pyrolysis. 



4 1 24. The method of claim 41 03, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
25 sources, wherein the formation has an average heat capacity(C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *pB 
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wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, ps is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. / 

4125. The method of claim 4103, wherein allowing the heat to transfer from the one or 
more heat sources to the selected section comprises transferring heat substantially by 
conduction. / 

4126. The method of claim 4103, wherein/providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

4127. The method of claim 4 1 03, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

4128. The method of claim 41GS, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0. 1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

4129. The method of claim 4103, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

4130. The method of/claim 4103, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensaple hydrocarbons are olefins. 

4131. The methon of claim 4103, wherein the produced mixture comprises condensable 
hydrocarbons, anp wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 
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4132. The method of claim 4103, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. / 

4133. The method of claim 4103, wherein the produ/ed mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to aboift 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. / 

4134. The method of claim 4103, wherein me produced mixture comprises condensable 
hydrocarbons, and wherein less than about/l % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

4135. The method of claim 4103, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater man about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

4136. The method of claim 4103, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises mult/i-ring aromatics with more than two rings. 

4137. The method of claim 4103, wherein the produced mixture comprises condensable 
hydrocarbons, and wherem less than about 0.3 % by weight of the condensable 
hydrocarbons are asphal/enes. 

4138. The method onclaim 41 03, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

4139. The method of claim 4103, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
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and wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

5 4140. The method of claim 4103, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 
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4141. The method of claim 4103, wherein the/produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

4142. The method of claim 4103, furthe/ comprising controlling a pressure within at 
least a majority of the selected section of the formation. 



4143. The method of claim 4103, fiirther comprising controlling a pressure within at 
15 least a majority of the selected section of the formation, wherein the controlled pressure 

is at least about 2.0 bar absolute., 

4144. The method of claim 4103, further comprising controlling formation conditions 
such that the produced mixtjore comprises a partial pressure of H 2 within the mixture 

20 greater than about 0.5 bar.y 



4 145. The method of Jaim 4144, wherein the partial pressure of H2 is measured when 
the mixture is at a production well. 

25 4146. The method/of claim 4103, wherein controlling formation conditions comprises 
recirculating a pociion of hydrogen from the mixture into the formation. 



4 1 47. The met/hod of claim 4 1 03, further comprising altering a pressure within the 
formation to iyihibit production of hydrocarbons from the formation having carbon 
30 numbers greater than about 25. 
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4148. The method of claim 4103, further comprising: 
providing hydrogen (H2) to the heated section to yhydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with heat frorA hydrogenation. 

4149. The method of claim 4103, wherein the produced mixture comprises hydrogen 
and condensable hydrocarbons, the method furtner comprising hydrogenating a portion of 
the produced condensable hydrocarbons with/at least a portion of the produced hydrogen. 



10 4150. The method of claim 4103, wherein allowing the heat to transfer CQmprises 

increasing a permeability of a majority 0/ the selected section to greater than about 100 
millidarcy. 

4151. The method of claim 4103, ^herein allowing the heat to transfer comprises 
15 substantially uniformly increasing a permeability of a majority of the selected section. 

4152. The method of claim 4103, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



20 4153. The method of claim/4 1 03 , wherein producing the mixture comprises producing 
the mixture in a productioiy well, and wherein at least about 7 heat sources are disposed in 
the formation for the production well. 

4154. The method of claim 4103, further comprising providing heat from three or more 
25 heat sources to at leasts portion of the formation, wherein three or more of the heat 

sources are located in/the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



4155. The methocJ of claim 4103, further comprising providing heat from three or more 
30 heat sources to at Aeast a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
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sources comprises a triangular pattern, and wherein a pi 
over an area of the formation to form a repetitive patten 



mlity of the units are repeated 
'of units. 



4156. The method of claim 4103, further comprising separating the produced mixture 
into a gas stream and a liquid stream. / 

4157. The method of claim 4103, further comprising separating the produced mixture 
into a gas stream and a liquid stream and separating the liquid stream into an aqueous 
stream and a non-aqueous stream. / 

4 1 58. The method of claim 41 03, wherein the produced mixture comprises H2S, the 
method further comprising separating a portion of the H 2 S from non-condensable 
hydrocarbons. / 

4 1 59. The method of claim 4 1 03, whe/ein the produced mixture comprises C0 2 , the 
method further comprising separating I portion of the CO2 from non-condensable 
hydrocarbons. / 

4160. The method of claim 4103, /vherein the mixture is produced from a production 
well, wherein the heating is controlled such that the mixture can be produced from the 
formation as a vapor. / 

4161. The method of claim 4y03, wherein the mixture is produced from a production 
well, the method further comprising heating a wellbore of the production well to inhibit 
condensation of the mixture within the wellbore. 

4 1 62. The method of claim 41 03, wherein the mixture is produced from a production 
well, wherein a wellbore of the production well comprises a heater element configured to 
heat the formation adjacent to the wellbore, and further comprising heating the formation 
with the heater element tl produce the mixture, wherein the mixture comprises a large 
non-condensable hydrocarbon gas component and H 2 . 
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4163. The method of claim 4103, wherein the selected sec/ion is heated to a minimum 
pyrolysis temperature of about 270 °C. / 

4164. The method of claim 4103, further comprising maintaining the pressure within the 
formation above about 2.0 bar absolute to inhibit production of fluids having carbon 
numbers above 25. / 

4165. The method of claim 4103, further composing controlling pressure within the 
formation in a range from about atmospheric pressure to about 100 bar, as measured at a 
wellhead of a production well, to control an amount of condensable hydrocarbons within 
the produced mixture, wherein the pressure is reduced to increase production of 
condensable hydrocarbons, and wherein the pressure is increased to increase production 
of non-condensable hydrocarbons. / 

4166. The method of claim 4103, further comprising controlling pressure within the 
formation in a range from about atmospheric pressure to about 100 bar, as measured at a 
wellhead of a production well, to control an API gravity of condensable hydrocarbons 
within the produced mixture, wherein the pressure is reduced to decrease the API gravity, 
and wherein the pressure is increased to reduce the API gravity. 

4167. A mixture produced from a portion of a coal formation, the mixture comprising: 
an olefin content of less than about 10% by weight; and 

an average carbon number less than about 35. 

4168. The mixture of claim 4 1 67, further comprising an average carbon number less 
than about 30. / 

4169. The mixture of claim 4167, further comprising an average carbon number less 
than about 25. / 

4170. The mixture oi claim 4167, further comprising: 
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non-condensable hydrocarbons comprising hydrocarbons having carbon numbers 
of less than 5; and / 

wherein a weight ratio of the hydrocarbons having carbon numbers from 2 
through 4, to methane, in the mixture is greater than approximately 1 . 

4171. The mixture of claim 4167, further comprising condensable hydrocarbons, 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen, wherein /ess than about 1 % by weight, when 
calculated on an atomic basis, of the condensable hydrocarbons is oxygen, and wherein 
less than about 1 % by weight, when calculated on an atomic basis, of the condensable 
hydrocarbons is sulfur. / 

4172. The mixture of claim 4167, further comprising ammonia, wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 

41 73. The mixture of claim 4167, further comprising condensable hydrocarbons, 
wherein an olefin content of the condensable hydrocarbons is greater than about 0.1 % by 
weight of the condensable hydrocarbons, and wherein the olefin content of the 
condensable hydrocarbons is less/than about 15 % by weight of the condensable 
hydrocarbons. / 

4174. The mixture of claim 4167, further comprising condensable hydrocarbons, 
wherein less than about 15 °/Jby weight of the condensable hydrocarbons have a carbon 
number greater than about 25. 

41 75. The mixture of claim 4174, wherein less than about 1 % by weight, when 
calculated on an atomic oasis, of the condensable hydrocarbons is nitrogen, wherein less 
than about 1 % by weight, when calculated on an atomic basis, of the condensable 
hydrocarbons is oxygen, and wherein less than about 1 % by weight, when calculated on 
an atomic basis, of the condensable hydrocarbons is sulfur. 
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4 1 76. The mixture of claim 4 1 73, further comprising condensable hydrocarbons, 
wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. / 



41 77. The mixture of claim 4167, further comprising: 

non-condensable hydrocarbons comprising h/drocarbons having carbon numbers 
of less than about 5, wherein a weight ratio of the hydrocarbons having carbon number 
from 2 through 4, to methane, in the mixture is greAter than approximately 1; 

wherein the non-condensable hydrocarbons further comprise H 2) wherein greater 
than about 15 % by weight of the non-condensame hydrocarbons comprises H2; and 

condensable hydrocarbons, comprising: / 

oxygenated hydrocarbons, wherein greater than about 1.5 % by weight of 

the condensable hydrocarbons comprises oxygenated hydrocarbons; and 

aromatic compounds, whereiry greater than about 20 % by weight of the 
condensable hydrocarbons comprises aromatic compounds. 

4178. The mixture of claim 4167, further/comprising: 

condensable hydrocarbons, wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises hydrocarbons having a carbon number greater than 
about 25; / 

wherein the condensable hydrocarbons further comprise: 

oxygenated hydrocarbons, wherein greater than about 5 % by weight of 
the condensable hydrocarbons comprises oxygenated hydrocarbons; and 

aromatic compounds, wherein greater than about 30 % by weight of the 
condensable hydrocarbons comprises aromatic compounds; and 

non-condensable hydrocafbons comprising H 2 , wherein greater than about 1 5 % 
by weight of the non-condensab/e hydrocarbons comprises H2. 

4179. The mixture of claim 4A67, further comprising a condensable mixture, 
comprising: / 
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olefins, wherein about 0.1 % by weight to about ISr/ohy weight of the 
condensable mixture comprises olefins; and / 

asphaltenes, wherein less than about 0.1 % by weight of the condensable mixture 
comprises asphaltenes. / 

4180. The mixture of claim 4179, further comprising, oxygenated hydrocarbons, 
wherein less than about 1 5 % by weight of the condensable mixture comprises 
oxygenated hydrocarbons; / 

4181. The mixture of claim 4167, further comprising a condensable mixture, 
comprising: / 

olefins, wherein about 0.1 % by weight to about 2 % by weight of the 
condensable mixture comprises olefins/ and 

multi-ring aromatics, wherein/less than about 2 % by weight of the condensable 
mixture comprises multi-ring aromatics with more than two rings. 

41 82. The mixture of claim 4180, further comprising oxygenated hydrocarbons, wherein 
greater than about 25 % by weight of the condensable mixture comprises oxygenated 
hydrocarbons. / 

4183. The mixture of claim 4167, further comprising: 

non-condensable Hydrocarbons, wherein the non-condensable hydrocarbons 
comprise H2, wherein greater than about 10 % by weight of the non-condensable 
hydrocarbons comprises H2; 

ammonia, wherein greater than about 0.5 % by weight of the mixture comprises 
ammonia; and / 

hydrocarbons, wherein a weight ratio of hydrocarbons having greater than about 2 
carbon atoms, to methane, is greater than about 0.4. 

4 1 84. A mixturi produced from a portion of a coal formation, the mixture, comprising: 
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non-condensable hydrocarbons comprising hydrocarbons having carbon numbers 
of less than 5; and / 

wherein a weight ratio of the hydrocarbons haying carbon numbers from 2 
through 4, to methane, in the mixture is greater than/approximately 1 . 

41 85. The mixture of claim 41 84, further comprising condensable hydrocarbons, 
wherein about 0.1 % by weight to about 15 % l/y weight of the condensable hydrocarbons 
are olefins. / 

4186. The mixture of claim 4 1 84, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from aroo'ut 0.001 to about 0.15. 

4187. The mixture of claim 4 1 84, further comprising condensable hydrocarbons, 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. 

4188. The mixture of claim 4M54, further comprising condensable hydrocarbons, 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons i& oxygen. 

4189. The mixture of cla/m 4 1 84, further comprising condensable hydrocarbons, 
wherein about 5 % by weight to about 30 % by weight of the condensable hydrocarbons 
comprise oxygen containing compounds, and wherein the oxygen containing compounds 
comprise phenols. / 

4190. The mixture of claim 4184, further comprising condensable hydrocarbons, 
wherein less than apout 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrqlcarbons is sulfur. 
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4191. The mixture of claim 4 1 84, further comprising condensable hydrocarbons, 
wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. / 

4192. The mixture of claim 4184, further comprising condensable hydrocarbons, 
wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 
ring aromatics with more than two rings. / 

4 1 93 . The mixture of claim 4 1 84, further comprising condensable hydrocarbons, 
wherein less than about 0.3 % by weight of me condensable hydrocarbons are 
asphaltenes. / 

4 1 94. The mixture of claim 4 1 84, further comprising condensable hydrocarbons, 
wherein about 5 % by weight to abouy 30 % by weight of the condensable hydrocarbons 
comprise cycloalkanes. / 

4195. The mixture of claim 4184, wherein the non-condensable hydrocarbons further 
comprises hydrogen, wherein the hydrogen is greater than about 10 % by volume of the 
non-condensable hydrocarbon/ and wherein the hydrogen is less than about 80 % by 
volume of the non-condensable hydrocarbons. 

4196. The mixture of claim 4184, further comprising ammonia, wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 

4197. The mixture of claim 4184, further comprising ammonia, wherein the ammonia is 
used to produce fertilizer. 

4198. The mixture of claim 4184, further comprising condensable hydrocarbons, 
wherein less than about 15 weight % of the condensable hydrocarbons have a carbon 
number greater than approximately 25. 



812 



Conley, Rose & Tayon, P C. 



4199. The mixture of claim 4 1 84, further comprising condensable hydrocarbons, 
wherein the condensable hydrocarbons comprise olefinp, and wherein about 0.1 % to 
about 5 % by weight of the condensable hydrocarbons comprises olefins. 

5 4200. The mixture of claim 4 1 84, further compris/ng condensable hydrocarbons, 
wherein the condensable hydrocarbons comprises Olefins, and wherein about 0.1 % to 
about 2.5 % by weight of the condensable hydrocarbons comprises olefins. 

4201 . The mixture of claim 41 84, further comprising condensable hydrocarbons, 

10 wherein the condensable hydrocarbons comprise oxygenated hydrocarbons, and wherein 
greater than about 5 % by weight of the condensable hydrocarbons comprises oxygenated 
hydrocarbons. / 

4202. The mixture of claim 4184, furthey comprising non-condensable hydrocarbons, 

1 5 wherein the non-condensable hydrocarbons comprise H2, and wherein greater than about 
5 % by weight of the non-condensable hydrocarbons comprises H2. 

yxher comprising non-condensable hydrocarbons, 
trbons comprise H2, and wherein greater than about 
ile hydrocarbons comprises H2. 

4204. The mixture of claim 4184/ wherein a weight ratio of hydrocarbons having greater 
than about 2 carbon atoms, to met/nane, is greater than about 0.3. 

25 4205. A mixture produced from a portion of a coal formation, the mixture comprising: 
non-condensable hydrocarbons comprising hydrocarbons having carbon numbers 
of less than 5, wherein a weighi ratio of hydrocarbons having carbon numbers from 2 
through 4, to methane, is greater than approximately 1 ; and 

condensable hydrocarbons comprising oxygenated hydrocarbons, wherein greater 
30 than about 5 % by weight of the condensable component comprises oxygenated 
hydrocarbons. / 



20 



4203. The mixture of claim 4184, 
wherein the non-condensable hydroc^ 
1 5 % by weight of the non-condensa 
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4206. The mixture of claim 4205, wherein about 0.1 % by weight to about 15 % by 
weight of the condensable hydrocarbons are olefins. / 

4207. The mixture of claim 4205, wherein a molar rati© of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to/about 0.15. 

4208. The mixture of claim 4205, wherein less thafri about 1 % by weight, when 
calculated on an atomic basis, of the condensable hydrocarbons is nitrogen. 

4209. The mixture of claim 4205, wherein less than about 1 % by weight, when 
calculated on an atomic basis, of the condensable hydrocarbons is oxygen. 

4210. The mixture of claim 4205, whereirf less than about 1 % by weight, when 
calculated on an atomic basis, of the condensable hydrocarbons is sulfur. 

42 1 1 . The mixture of claim 4205, wherein about 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. 

42 1 2. The mixture of claim 4205, wherein greater than about 20 % by weight of the 
condensable hydrocarbons are aromatic compounds. 

42 1 3 . The mixture of claim/4205, wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 

42 14. The mixture of cls/im 4205, wherein less than about 0.3 % by weight of the 
condensable hydrocarbons are asphaltenes. 

4215. The mixture of/claim 4205, wherein about 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons are cycloalkanes. 
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4216. The mixture of claim 4205, wherein the non-condensable hydrocarbons comprises 
hydrogen, wherein the hydrogen is greater than about 10 °/d by volume of the non- 
condensable hydrocarbons, and wherein the hydrogen is less than about 80 % by volume 
of the non-condensable hydrocarbons. / 

4217. The mixture of claim 4205, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight/of the produced mixture is ammonia. 

42 1 8. The mixture of claim 4205, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

4219. The mixture of claim 4205, wherein less than about 5 weight % of the 
condensable hydrocarbons in the mixture have a carbon number greater than 
approximately 25. / 

4220. The mixture of claim 4205, Wnerein the condensable hydrocarbons further 
comprise olefins, and wherein about 0.1 % to about 5 % by weight of the condensable 
hydrocarbons comprises olefins. / 

422 1 . The mixture of claim 42j05, wherein the condensable hydrocarbons further 
comprise olefins, and wherein About 0.1 % to about 2.5 % by weight of the condensable 
hydrocarbons comprises olefins. 

4222. The mixture of claim 4205, wherein the non-condensable hydrocarbons further 
comprise H2, wherein greater than about 5 % by weight of the mixture comprises H2. 

4223. The mixture of claim 4205, wherein the non-condensable hydrocarbons further 
comprise H2, wherein ^eater than about 15 % by weight of the mixture comprises H2. 
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4224. The mixture of claim 4205, wherein a weight ratio of hydrocarbons having greater 
than about 2 carbon atoms, to methane, is greater than about/O.3. 

4225. A mixture produced from a portion of a coal formation, the mixture comprising: 
non-condensable hydrocarbons comprising hydrocarbons having carbon numbers 

of less than 5, wherein a weight ratio of hydrocarbons having carbon numbers from 2 
through 4, to methane, is greater than approximately 1 ; 
condensable hydrocarbons; / 

wherein less than about 1 % by weight/ when calculated on an atomic basis, of the 
condensable hydrocarbons comprises nitrogen; 

wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons comprises oxygen; and 

wherein less than about 1 % by yweight, when calculated on an atomic basis, of the 
condensable hydrocarbons comprisesysulfur. 

4226. The mixture of claim 4225/further comprising ammonia, wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 

4227. The mixture of claim 4225, wherein less than about 5 weight % of the 
condensable hydrocarbons have a carbon number greater than approximately 25. 

4228. The mixture of claim 4225, wherein the condensable hydrocarbons comprise 
olefins, and wherein about 0.1 % by weight to about 15 % by weight of the condensable 
hydrocarbons are olefins. 

4229. The mixture of claim 4225, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

4230. The mixtw* of claim 4225, wherein about 5 % by weight to about 30 % by 
weight of the conaensable hydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. 
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423 1 . The mixture of claim 4225, wherein greater than about 213 % by weight of the 
condensable hydrocarbons are aromatic compounds. / 

4232. The mixture of claim 4225, wherein less than abouto % by weight of the 
condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 

4233. The mixture of claim 4225, wherein less than about 0.3 % by weight of the 
condensable hydrocarbons are asphaltenes. / 

4234. The mixture of claim 4225, wherein about 51% by weight to about 30 % by 
weight of the condensable hydrocarbons are cycloalkanes. 

4235. The mixture of claim 4225, wherein themon-condensable hydrocarbons comprises 
hydrogen, and wherein the hydrogen is greater than about 10 % by volume of the non- 
condensable hydrocarbons and wherein the hydrogen is less than about 80 % by volume 
of the non-condensable hydrocarbons. / 

4236. The mixture of claim 4225, further comprising ammonia, and wherein greater 
than about 0.05 % by weight of the produced mixture is ammonia. 

4237. The mixture of claim 4225, further comprising ammonia, and wherein the 
ammonia is used to produce fertilizer. 

4238. The mixture of claim 4225/ wherein the condensable hydrocarbons comprises 
oxygenated hydrocarbons, and wtterein greater than about 5 % by weight of the 
condensable component comprises oxygenated hydrocarbons. 

4239. The mixture of claim 4 
H2. and wherein greater than aj 
comprises H2. / 
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125, wherein the non-condensable hydrocarbons comprise 
bout 5 % by weight of the non-condensable hydrocarbons 



4240. The mixture of claim 4225, wherein the non-condensable hydrocarbons comprise 
H-j, and wherein greater than about 15 % by weight of the mixture comprises H2. 

424 1 . The mixture of claim 4225, wherein a weighft ratio of hydrocarbons having greater 
than about 2 carbon atoms, to methane, is greater/than about 0.3. 

4242. A mixture produced from a portion of a coal formation, the mixture comprising: 
non-condensable hydrocarbons comprising hydrocarbons having carbon numbers 

of less than 5, wherein a weight ratio of hydrocarbons having carbon numbers from 2 
through 4, to methane, is greater than approximately 1 ; 

ammonia, wherein greater than about 0.5 % by weight of the mixture comprises 
ammonia; and / 

condensable hydrocarbons conrorising oxygenated hydrocarbons, wherein greater 
than about 5 % by weight of the condensable hydrocarbons comprises oxygenated 
hydrocarbons. / 

4243. The mixture of claim 4242, wherein the condensable hydrocarbons further 
comprise olefins, and wherein ateout 0. 1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

4244. The mixture of clainy4242, wherein the non-condensable hydrocarbons further 
comprise ethene and ethana and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

4245. The mixture of craim 4242, wherein the condensable hydrocarbons further 
comprise nitrogen, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is nitrogen. 
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comprise oxygen, and wherein less than about 1 % by weight/when calculated on an 
atomic basis, of the condensable hydrocarbons is oxygen. / 

4247. The mixture of claim 4242, wherein the condensable hydrocarbons further 
comprise sulfur, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is sulfur. 

4248. The mixture of claim 4242, wherein the condensable hydrocarbons further 
comprise oxygen containing compounds, whereiiy about 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. 

4249. The mixture of claim 4242, wherein the condensable hydrocarbons further 
comprise aromatic compounds, and whereiiv greater than about 20 % by weight of the 
condensable hydrocarbons are aromatic compounds. 

4250. The mixture of claim 4242, wherein the condensable hydrocarbons further 
comprise multi-aromatic rings, and wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 

425 1 . The mixture of claim 4242, wherein the condensable hydrocarbons further 
comprise asphaltenes, and wherein /ess than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 

4252. The mixture of claim 42^2, wherein the condensable hydrocarbons further 
comprise cycloalkanes, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are jtycloalkanes. 

4253. The mixture of claim 4242, wherein the non-condensable hydrocarbons further 
comprise hydrogen, wherein the hydrogen is greater than about 10 % by volume of the 
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non-condensable hydrocarbons, and wherein the hydrogen is/less than about 80 % by 
volume of the non-condensable hydrocarbons. / 

4254. The mixture of claim 4242, wherein the producecy mixture further comprises 
ammonia, and wherein greater than about 0.05 % by we/ght of the produced mixture is 
ammonia. / 

4255. The mixture of claim 4242, wherein the produced mixture further comprises 
ammonia, and wherein the ammonia is used to produce fertilizer. 

4256. The mixture of claim 4242, wherein the condensable hydrocarbons comprise 
hydrocarbons having a carbon number of greater than approximately 25, and wherein less 
than about 1 5 weight % of the hydrocarbons irf the mixture have a carbon number greater 
than approximately 25. / 

4257. The mixture of claim 4242, wherein the non-condensable hydrocarbons further 
comprise H 2 , and wherein greater than about 5 % by weight of the mixture comprises H 2 . 

4258. The mixture of claim 4242, whefrein the non-condensable hydrocarbons further 
comprise H 2 , and wherein greater thaiyabout 15 % by weight of the mixture comprises 
H 2 . / 

4259. The mixture of claim 4242,/wherein the non-condensable hydrocarbons further 
comprise hydrocarbons having capon numbers of greater than 2, wherein a weight ratio 
of hydrocarbons having carbon numbers greater than 2, to methane, is greater than about 
0.3. / 

4260. A mixture produced frfm a portion of a coal formation, the mixture comprising: 
non-condensable hydrocarbons comprising hydrocarbons having carbon numbers 

of less than 5, wherein a weight ratio of hydrocarbons having carbon numbers from 2 
through 4, to methane, is greater than approximately 1; and 
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condensable hydrocarbons comprising olefins; wherein less than about 10 % by 
weight of the condensable hydrocarbons comprise? olefins. 

426 1 . The mixture of claim 4260, wherein the non-condensable hydrocarbons further 
comprise ethene and ethane, and wherein a/molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from apout 0.001 to about 0.15. 

4262. The mixture of claim 4260, wherein the condensable hydrocarbons further 
comprise nitrogen, and wherein les/ than about 1 % by weight, when calculated on an 
atomic basis, of the condensable Hydrocarbons is nitrogen. 
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4263. The mixture of claim 4260, wherein the condensable hydrocarbons further 
comprise oxygen, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is oxygen. 

4264. The mixture of olaim 4260, wherein the condensable hydrocarbons further 
comprise sulfur, and Wnerein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is sulfur. 



20 4265. The mixtu/e of claim 4260, wherein the condensable hydrocarbons further 

comprise oxygeiy containing compounds, wherein about 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. 

25 4266. The mixture of claim 4260, wherein the condensable hydrocarbons further 
comprise aromatic compounds, and wherein greater than about 20 % by weight of the 
condensaple hydrocarbons are aromatic compounds. 



4267. ffhe mixture of claim 4260, wherein the condensable hydrocarbons further 
30 comprise multi-ring aromatics, and wherein less than about 5 % by weight of the 

condepsable hydrocarbons comprises multi-ring aromatics with more than two rings. 
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4268. The mixture of claim 4260, wherein the condensable hydrocarbons further 
comprise asphaltenes, and wherein less than about 0.3 °/6 by weight of the condensable 
hydrocarbons are asphaltenes. 

5 

4269. The mixture of claim 4260, wherein the condensable hydrocarbons further 
comprise cycloalkanes, and wherein about 5 % yy weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

10 4270. The mixture of claim 4260, wherein the non-condensable hydrocarbons further 
comprise hydrogen, and wherein the hydrogen is greater than about 10 % by volume of 
the non-condensable hydrocarbons and Mterein the hydrogen is less than about 80 % by 
volume of the non-condensable hydrocarbons. 



1 5 427 1 . The mixture of claim 4260,/wherein the produced mixture further comprises 
ammonia, and wherein greater thpi about 0.05 % by weight of the produced mixture is 
ammonia. 
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4272. The mixture of claim 4260, wherein the produced mixture further comprises 
20 ammonia, and wherein the ammonia is used to produce fertilizer. 



25 



4273. The mixture of claim 4260, wherein the condensable hydrocarbons further 
comprise hydrocarbons hiving a carbon number of greater than approximately 25, and 
wherein less than about 15 % by weight of the hydrocarbons have a carbon number 
greater than approximately 25. 



4274. The mixture of claim 4260, wherein about 0. 1 % to about 5 % by weight of the 
condensable component comprises olefins. 



30 4275. The mixture of claim 4260, wherein about 0. 1% to about 2 % by weight of the 
condensable component comprises olefins. 
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4276. The mixture of claim 4260, wherein the condensable hydrocarbons further 
comprise oxygenated hydrocarbons, and wherein greater than about 5 % by weight of the 
condensable hydrocarbons comprises oxygenated h/drocarbons. 

4277. The mixture of claim 4260, wherein the .condensable hydrocarbons further 
comprise oxygenated hydrocarbons, and wherein greater than about 25 % by weight of 
the condensable component comprises oxygenated hydrocarbons. 
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10 4278. The mixture of claim 4260, wherem the non-condensable hydrocarbons further 
comprise H2, and wherein greater than apout 5 % by weight of the non-condensable 
hydrocarbons comprises H2. 

4279. The mixture of claim 4260, v^ierein the non-condensable hydrocarbons further 
15 comprise H2, and wherein greater tifan about 15 % by weight of the non-condensable 

hydrocarbons comprises H2. 

4280. The mixture of claim 4260, wherein a weight ratio of hydrocarbons having greater 
than about 2 carbon atoms, to yiethane, is greater than about 0.3. 

20 

428 1 . A mixture produced from a portion of a coal formation, comprising: 
condensable hydrocarbons, wherein less than about 15 weight % of the 

condensable hydrocarbons Aiave a carbon number greater than 25; and 

wherein the condensable hydrocarbons comprise oxygenated hydrocarbons, and 
25 wherein greater than about 5 % by weight of the condensable hydrocarbons comprises 
oxygenated hydrocarbons. 
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4282. The mixture or claim 4281, further comprising non-condensable hydrocarbons, 
wherein the non-conaensable hydrocarbons comprise hydrocarbons having carbon 
numbers of less than 5, and wherein a weight ratio of hydrocarbons having carbon 
numbers from 2 through 4, to methane, is greater than approximately 1 . 
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4283. The mixture of claim 4281, wherein the condensable hydrocarbons further 
comprise olefins, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. / 

4284. The mixture of claim 4281, further comprising non-condensable hydrocarbons, 
wherein a molar ratio of ethene to ethane in the/non-condensable hydrocarbons ranges 
from about 0.001 to about 0.15. / 

4285. The mixture of claim 428 1 , wherein the condensable hydrocarbons further 
comprise nitrogen, and wherein less than/ about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is nitrogen. 

4286. The mixture of claim 4281, wherein the condensable hydrocarbons further 
comprise oxygen, and wherein less/than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is oxygen. 

4287. The mixture of claim 428 1 , wherein the condensable hydrocarbons further 
comprise sulfur, and wherein iess than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is sulfur.. 

4288. The mixture of claim 4281, wherein the condensable hydrocarbons further 
comprise oxygen containing compounds, wherein about 5 % by weight to about 30 % by 
weight of the condensab/le hydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. 

4289. The mixture cff claim 4281, wherein the condensable hydrocarbons further 
comprise aromatic compounds, and wherein greater than about 20 % by weight of the 
condensable hydrocarbons are aromatic compounds. 
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4290. The mixture of claim 4281, wherein the condensable hydrocarbons further 
comprise multi-ring aromatics, and wherein less than about 5/% by weight of the 
condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 

5 429 1 . The mixture of claim 428 1 , wherein the condensable hydrocarbons further 
comprise asphaltenes, and wherein less than about 0.3/% by weight of the condensable 
hydrocarbons are asphaltenes. 

4292. The mixture of claim 4281, wherein the condensable hydrocarbons further 
10 comprise cycloalkanes, and wherein about 5 %/oy weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



4293. The mixture of claim 4281, furthei/comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise hydrogen, and wherein the 
15 hydrogen is greater than about 10 % by volume of the non-condensable hydrocarbons and 
wherein the hydrogen is less than abc^ut 80 % by volume of the non-condensable 
hydrocarbons. 
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4294. The mixture of claim 428A, further comprising ammonia, and wherein greater 
20 than about 0.05 % by weight of/the produced mixture is ammonia. 

4295. The mixture of claimy4281, further comprising ammonia, and wherein the 
ammonia is used to produce fertilizer. 



25 4296. The mixture of claim 428 1 , wherein the condensable hydrocarbons further 
comprises olefins, and wherein less than about 10 % by weight of the condensable 
hydrocarbons comprises olefins. 



4297. The mixture of claim 428 1 , wherein the condensable hydrocarbons further 
30 comprises olefins, and wherein about 0.1 % to about 5 % by weight of the condensable 
hydrocarbons comprises olefins. 
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4298. The mixture of claim 428 1 , wherein the condensable hydrocarbons further 
comprises olefins, and wherein about 0. 1 % to aj/out 2 % by weight of the condensable 
hydrocarbons comprises olefins. / 

4299. The mixture of claim 4281, wherein /he condensable hydrocarbons further 
comprises oxygenated hydrocarbons, and ^herein greater than about 5 % by weight of 
the condensable hydrocarbons comprisesyihe oxygenated hydrocarbon. 

4300. The mixture of claim 4281, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise H2, wherein greater than about 5 % 
by weight of the non-condensable hydrocarbons comprises H 2 . 

4301 . The mixture of claim 428 /, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise H 2 > wherein greater than about 15 
% by weight of the non-condenfeable hydrocarbons comprises H 2 . 

4302. The mixture of claim/4281, wherein a weight ratio of hydrocarbons having greater 
than about 2 carbon atoms, 10 methane, is greater than about 0.3. 

4303. A mixture produced from a portion of a coal formation, comprising: 
condensable hydrocarbons, wherein less than about 1 5 % by weight of the 

condensable hydrocarbons have a carbon number greater than about 25; 

wherein less than about 1 % by weight of the condensable hydrocarbons, when 
calculated on an atomfic basis, is nitrogen; 

wherein less man about 1 % by weight of the condensable hydrocarbons, when 
calculated on an atdmic basis, is oxygen; and 

wherein lesk than about 1 % by weight of the condensable hydrocarbons, when 
calculated on an atomic basis, is sulfur. 
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4304. The mixture of claim 4303, further comprising non-condensable hydrocarbons, 
wherein the non-condensable component comprises hydrocarbons having carbon 
numbers of less than 5, and wherein a weight ratio of hydrocarbons having carbon 
numbers from 2 through 4, to methane, is greater than approximately 1. 

4305. The mixture of claim 4303, wherein the condensable hydrocarbons further 
comprise olefins, and wherein about 0. 1 % by weigly to about 15 % by weight of the 
condensable hydrocarbons are olefins. 
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10 4306. The mixture of claim 4303, further comprising non-condensable hydrocarbons, 
and wherein a molar ratio of ethene to ethane i/i the non-condensable hydrocarbons 
ranges from about 0.001 to about 0.15. 

4307. The mixture of claim 4303, whereii( the condensable hydrocarbons further 
15 comprise oxygen containing compounds, Avherein about 5 % by weight to about 30 % by 

weight of the condensable hydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. 

4308. The mixture of claim 4303, Wherein the condensable hydrocarbons further 

20 comprise aromatic compounds, andf wherein greater than about 20 % by weight of the 
condensable hydrocarbons are aromatic compounds. 
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4309. The mixture of claim 43y03, wherein the condensable hydrocarbons further 
comprise multi-ring aromatics/and wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 



43 10. The mixture of claim 4303, wherein the condensable hydrocarbons further 
comprise asphaltenes, and/wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 
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43 1 1 . The mixture of claim 4303, wherein the condensable hydrocarbons further 
comprise cycloalkanes, and wherein about 5 % by weight to about IjQ % by weight of the 
condensable hydrocarbons are cycloalkanes. 

43 12. The mixture of claim 4303, further comprising non-conaensable hydrocarbons, 
and wherein the non-condensable hydrocarbons comprise hyd/ogen, and wherein greater 
than about 10 % by volume and less than about 80 % by vohpie of the non-condensable 
component comprises hydrogen. 
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10 43 1 3 . The mixture of claim 4303, further comprising anlmonia, and wherein greater 
than about 0.05 % by weight of the produced mixture isf ammonia. 

43 14. The mixture of claim 4303, further comprisirjg ammonia, and wherein the 
ammonia is used to produce fertilizer. 
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43 1 5. The mixture of claim 4303, wherein the condensable component further 
comprises olefins, and wherein about 0.1 % to pout 5 % by weight of the condensable 
component comprises olefins. 



20 43 16. The mixture of claim 4303, wherein the condensable component further 

comprises olefins, and wherein about 0. 1 fo to about 2.5 % by weight of the condensable 
component comprises olefins. 
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43 1 7. The mixture of claim 4303, whferein the condensable hydrocarbons further 
comprise oxygenated hydrocarbons, and wherein greater than about 5 % by weight of the 
condensable hydrocarbons comprises oxygenated hydrocarbons. 



30 



43 1 8. The mixture of claim 4303/ further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise H2, and wherein greater than about 
5 % by weight of the non-condemsable hydrocarbons comprises H2. 



828 



Conley, Rose & Tayon, P C. 



43 1 9. The mixture of claim 4303, further comprising nor/condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise H/ and wherein greater than about 
1 5 % by weight of the non-condensable hydrocarbons/comprises H2. 

4320. The mixture of claim 4303, further comprising non-condensable hydrocarbons, 
wherein a weight ratio of compounds within the' non-condensable hydrocarbons having 
greater than about 2 carbon atoms, to methane; is greater than about 0.3. 
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432 1. A mixture produced from a portion of a coal formation, comprising: 
condensable hydrocarbons, wherein less than about 15 % by weight of the 

condensable hydrocarbons have a carbon number greater than 20; and 

wherein the condensable hydrocarbons comprise olefins, wherein an olefin 
content of the condensable compon^t is less than about 1 0 % by weight of the 
condensable component. 

4322. The mixture of claim 43/>l, further comprising non-condensable hydrocarbons, 
wherein the non-condensable Hydrocarbons comprise hydrocarbons having carbon 
numbers of less than 5, and wherein a weight ratio of hydrocarbons having carbon 
numbers from 2 through 4, Lo methane, is greater than approximately 1. 

4323. The mixture of claim 4321, wherein the condensable hydrocarbons further 
comprise olefins, and wnerein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



25 4324. The mixture df claim 432 1 , further comprising non-condensable hydrocarbons, 
and wherein a molan ratio of ethene to ethane in the non-condensable hydrocarbons 
ranges from about Qf.OOl to about 0.15. 



4325. The mixture of claim 4321 , wherein the condensable hydrocarbons further 
30 comprise nitrogenf, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of me condensable hydrocarbons is nitrogen. 
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4326. The mixture of claim 4321, wherein the condensable hydrocarbons further 
comprise oxygen, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is o/ygen. 

5 / 

4327. The mixture of claim 4321, wherein th^condensable hydrocarbons further 
comprise sulfur, and wherein less than aboutyl % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is sulfur. 

10 4328. The mixture of claim 4321, wherein the condensable hydrocarbons, wherein about 
5 % by weight to about 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen containing compounds comprise 
phenols. / 

15 4329. The mixture of claim 4321/ wherein the condensable hydrocarbons further 
comprise aromatic compounds, and wherein greater than about 20 % by weight of the 
condensable hydrocarbons are aromatic compounds. 

4330. The mixture of claim A321, wherein the condensable hydrocarbons further 
20 comprise multi-ring aromatics, and wherein less than about 5 % by weight of the 

condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 

433 1 . The mixture of claim 432 1 , wherein the condensable hydrocarbons further 
comprise asphaltenes, and wherein less than about 0.3 % by weight of the condensable 

25 hydrocarbons are asphaltenes. 

4332. The mixture of claim 4321, wherein the condensable hydrocarbons further 
comprise cycloalkanes, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

30 / 
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4333 . The mixture of claim 432 1 , further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprises hydrog/n, and wherein the 
hydrogen is about 10 % by volume to about 80 % by volume/of the non-condensable 
hydrocarbons. 

5 

4334. The mixture of claim 432 1, further comprising amfnonia, wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 

4335. The mixture of claim 432 1 , further comprising/ammonia, and wherein the 
10 ammonia is used to produce fertilizer. 

4336. The mixture of claim 4321, wherein about/). 1 % to about 5 % by weight of the 
condensable component comprises olefins. 

15 4337. The mixture of claim 432 1 , wherein al/out 0. 1 % to about 2 % by weight of the 
condensable component comprises olefins. 
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4338. The mixture of claim 4321, wherein the condensable component further 
comprises oxygenated hydrocarbons, ana wherein greater than about 1.5 % by weight of 
the condensable component comprises oxygenated hydrocarbons. 

4339. The mixture of claim 4321, wnerein the condensable component further 
comprises oxygenated hydrocarbons, and wherein greater than about 25 % by weight of 
the condensable component comprises oxygenated hydrocarbons. 

4340. The mixture of claim 432 II, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise H2, and wherein greater than about 
5 % by weight of the non-condensable hydrocarbons comprises H2. 
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434 1 . The mixture of claim 432 1 , further comprising .non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons compris/ H2, and wherein greater than about 
15 % by weight of the non-condensable hydrocarbons comprises H2. 

4342. The mixture of claim 432 1 , further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons romprise hydrocarbons having carbon 
numbers of less than 5, and wherein a weignt ratio of hydrocarbons having carbon 
numbers from 2 through 4, to methane, is^greater than approximately 0.3. 

4343. A mixture produced from a portion of a coal formation, comprising: 
condensable hydrocarbons, ^herein less than about 5 % by weight of the 

condensable hydrocarbons comprises hydrocarbons having a carbon number greater than 
about 25; and / 

wherein the condensabl/ hydrocarbons further comprise aromatic compounds, 
wherein more than about 20 % by weight of the condensable hydrocarbons comprises 
aromatic compounds. / 

4344. The mixture of claim 4343, further comprising non-condensable hydrocarbons, 
wherein the non-condertsable hydrocarbons comprise hydrocarbons having carbon 
numbers of less than 5/ and wherein a weight ratio of hydrocarbons having carbon 
numbers from 2 through 4, to methane, is greater than approximately 1. 

4345. The mixture of claim 4343, wherein the condensable hydrocarbons further 
comprise olefins, And wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

4346. The mpcture of claim 4343, further comprising non-condensable hydrocarbons, 
wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons ranges 
from about 0.001 to about 0.15. 
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4347. The mixture of claim 4343, wherein the condensable4iydrocarbons further 
comprise nitrogen, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is nitrogen. 

4348. The mixture of claim 4343, wherein the condensable hydrocarbons further 
comprise oxygen, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is oxygen. 

4349. The mixture of claim 4343, wherein me condensable hydrocarbons further 
comprise sulfur, and wherein less than abont 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is sulfur. 

4350. The mixture of claim 4343, wherein the condensable hydrocarbons further 
comprise oxygen containing compounds, wherein about 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. 

435 1 . The mixture of claim 4343, wherein the condensable hydrocarbons further 
comprise multi-ring aromatic/, and wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 

4352. The mixture of claim 4343, wherein the condensable hydrocarbons further 
comprise asphaltenes, anp wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphalrtenes. 

4353. The mixture of claim 4343, wherein the condensable hydrocarbons comprise 
cycloalkanes, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

4354. The mixtuye of claim 4343, further comprising non-condensable hydrocarbons, 
wherein the non-aondensable hydrocarbons comprise hydrogen, and wherein the 
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hydrogen is greater than about 10 % by volume and less thai/about 80 % by volume of 
the non-condensable hydrocarbons. 

4355. The mixture of claim 4343, further comprising Ammonia, and wherein greater 
5 than about 0.05 % by weight of the produced mixturer is ammonia. 

4356. The mixture of claim 4343, further compri/ing ammonia, and wherein the 
ammonia is used to produce fertilizer. 

10 4357. The mixture of claim 4343, wherein thy? condensable hydrocarbons further 
comprise olefins, and wherein about 0.1 % to/about 5 % by weight of the condensable 
hydrocarbons comprises olefins. 



4358. The mixture of claim 4343, where/n the condensable hydrocarbons further 
15 comprises olefins, and wherein about O.y % to about 2 % by weight of the condensable 
hydrocarbons comprises olefins. 
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4359. The mixture of claim 4343, wherein the condensable hydrocarbons further 
comprises multi-ring aromatic compounds, and wherein less than about 2 % by weight of 
the condensable hydrocarbons comprises multi-ring aromatic compounds. 
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4360. The mixture of claim 4343, wherein the condensable hydrocarbons comprises 
oxygenated hydrocarbons, and wherein greater than about 1.5 % by weight of the 
condensable hydrocarbons comprises oxygenated hydrocarbons. 

4361. The mixture of claim 4M3, wherein the condensable hydrocarbons comprises 
oxygenated hydrocarbons, ana wherein greater than about 25 % by weight of the 
condensable component comprises oxygenated hydrocarbons. 
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4362. The mixture of claim 4343, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise H2, andAvherein greater than about 
5 % by weight of the non-condensable hydrocarbons comprises H2. 

4363. The mixture of claim 4343, further comprising/non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise H2, and wherein greater than about 
15 % by weight of the non-condensable hydrocarbons comprises H2. 
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4364. The mixture of claim 4343, further comprising non-condensable hydrocarbons, 
10 wherein the non-condensable hydrocarbons comprises hydrocarbons having carbon 

numbers of less than 5, and wherein a weiglft ratio of hydrocarbons having carbon 
numbers from 2 through 4, to methane, is greater than approximately 0.3. 

4365. A mixture produced from a portion of a coal formation, comprising: 

15 non-condensable hydrocarbons comprising hydrocarbons having carbon numbers 

of less than about 5, wherein a weight ratio of the hydrocarbons having carbon number 
from 2 through 4, to methane, in me mixture is greater than approximately 1; 

wherein the non-condensable hydrocarbons further comprise tk, wherein greater 
than about 15 % by weight of me non-condensable hydrocarbons comprises H2; and 
20 condensable hydrocarbons, comprising: 

oxygenated hydrocarbons, wherein greater than about 1.5 % by weight of 
the condensable hydrocarbons comprises oxygenated hydrocarbons; 

olefins, whpein less than about 10 % by weight of the condensable 
hydrocarbons comprises olefins; and 
25 aromatic/compounds, wherein greater than about 20 % by weight of the 

condensable hydrocarbons comprises aromatic compounds. 



4366. The mixture if claim 4365, wherein the non-condensable hydrocarbons further 
comprise ethene ana ethane, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 
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4367. The mixture of claim 4365, wherein the condensable hydrocarbons further 
comprise nitrogen, and wherein less than about 1 % by weignt, when calculated on an 
atomic basis, of the condensable hydrocarbons is nitrogen/ 

4368. The mixture of claim 4365, wherein the condensable hydrocarbons further 
comprise oxygen, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is oxygen. 

4369. The mixture of claim 4365, wherein the (Condensable hydrocarbons further 
comprise sulfur, and wherein less than about \r/o by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is sulfur. 

4370. The mixture of claim 4365, wherein the condensable hydrocarbons further 
comprise oxygen containing compounds/wherein about 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. 

4371 . The mixture of claim 4365, wherein the condensable hydrocarbons comprise 
multi-ring aromatics, and whereiniess than about 5 % by weight of the condensable 
hydrocarbons comprises multi-rimg aromatics with more than two rings. 

4372. The mixture of claim 4' 
asphaltenes, and wherein lessA 
hydrocarbons are asphaltenes. 

4373. The mixture of clai/n 4365, wherein the condensable hydrocarbons comprise 
cycloalkanes, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

V 
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4374. The mixture of claim 4365, wherein the non-condensable hydrocarbons further 
comprises hydrogen, and wherein greater than about 10 % by vc/lume and less than about 
80 % by volume of the non-condensable hydrocarbons. / 

4375. The mixture of claim 4365, further comprising ammonia, and wherein greater 
than about 0.05 % by weight of the produced mixture is ammonia. 

4376. The mixture of claim 4365, further comprising/ammonia, and wherein the 
ammonia is used to produce fertilizer. / 

4377. The mixture of claim 4365, wherein the condensable hydrocarbons further 
comprise hydrocarbons having a carbon numberM greater than approximately 25, 
wherein less than about 15 % by weight of the hydrocarbons have a carbon number 
greater than approximately 25. / 

4378. The mixture of claim 4365, wherein about 0. 1 % to about 5 % by weight of the 
condensable hydrocarbons comprises olefins. 

4379. The mixture of claim 4365, wherein about 0. 1 % to about 2 % by weight of the 
condensable hydrocarbons comprises/olefins. 

4380. The mixture of claim 4365,Avherein greater than about 25 % by weight of the 
condensable hydrocarbons comprises oxygenated hydrocarbons. 

438 1 . The mixture of claim 4365, wherein the mixture comprises hydrocarbons having 
greater than about 2 carbon atoms, and wherein the weight ratio of hydrocarbons having 
greater than about 2 carbon atoms to methane is greater than about 0.3. 

4382. A mixture produced from a portion of a coal formation, comprising: 
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condensable hydrocarbons, wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises hydrocarbons having a carbon number greater than 
about 25; / 
wherein the condensable hydrocarbons further comprise: 

oxygenated hydrocarbons, wherein greater man about 5 % by weight of 
the condensable hydrocarbons comprises oxygenated hydrocarbons; 

olefins, wherein less than about 10 % by weight of the condensable 
hydrocarbons comprises olefins; and / 

aromatic compounds, wherein greater/than about 30 % by weight of the 
condensable hydrocarbons comprises aromatic compounds; and 

non-condensable hydrocarbons comprising H2, wherein greater than about 15 % 
by weight of the non-condensable hydrocarbons comprises H2. 

4383. The mixture of claim 4382, wherein the non-condensable hydrocarbons further 
comprises hydrocarbons having carbon numbers of less than 5, and wherein a weight 
ratio of hydrocarbons having carbon numbe/s from 2 through 4, to methane, is greater 
than approximately 1 . / 

4384. The mixture of claim 4382, whe/ein the non-condensable hydrocarbons comprise 
ethene and ethane, and wherein a molar ratio of ethene to ethane in the non-condensable 
hydrocarbons ranges from about 0.0(M to about 0.15. 

4385. The mixture of claim 4382/ wherein the condensable hydrocarbons further 
comprise nitrogen, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is nitrogen. 

4386. The mixture of claim 4382, wherein the condensable hydrocarbons further 
comprise oxygen, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is oxygen. 



838 



Conley. Rose & Tayon, P.C. 



D 
€1 

m 
o 

J* 

s 
ru 

£ 



10 



15 



4387. The mixture of claim 4382, wherein the condensable/hydrocarbons further 
comprise sulfur, and wherein less than about 1 % by weigjft, when calculated on an 
atomic basis, of the condensable hydrocarbons is sulfur./ 

4388. The mixture of claim 4382, wherein the condensable hydrocarbons further 
comprise oxygen containing compounds, wherein pout 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. 

4389. The mixture of claim 4382, wherein tht condensable hydrocarbons further 
comprise multi-ring aromatics, and wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 

4390. The mixture of claim 4382, whereim the condensable hydrocarbons further 
comprise asphaltenes, and wherein less th£n about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



439 1 . The mixture of claim 4382, whejrein the condensable hydrocarbons comprise 
cycloalkanes, and wherein about 5 % hfy weight to about 30 % by weight of the 

20 condensable hydrocarbons are cycloajflcanes. 

4392. The mixture of claim 4382, wherein greater than about 10 % by volume and less 
than about 80 % by volume of the non-condensable hydrocarbons is hydrogen. 



25 4393. The mixture of claim 4382, further comprising ammonia, and wherein greater 
than about 0.05 % by weight of/he produced mixture is ammonia. 



30 



4394. The mixture of claim <p82, further comprising ammonia, and wherein the 
ammonia is used to produce fertilizer. 
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4395. The mixture of claim 4382, wherein about 0. 1 % to abc^ut 5 % by weight of the 
condensable hydrocarbons comprises olefins. 

4396. The mixture of claim 4382, wherein about 0. 1 %/fo about 2 % by weight of the 
5 condensable hydrocarbons comprises olefins. 

4397. The mixture of claim 4382, wherein the coi/densable hydrocarbons comprises 
oxygenated hydrocarbons, and wherein greater th&n about 15 % by weight of the 
condensable hydrocarbons comprises oxygenated hydrocarbons. 



10 



4398. The mixture of claim 4382, wherein wie mixture comprises hydrocarbons having 
greater than about 2 carbon atoms, and wherein the weight ratio of hydrocarbons having 
greater than about 2 carbon atoms to methane is greater than about 0.3. 
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1 5 4399. A condensable mixture produced from a portion of a coal formation, comprising: 
olefins, wherein about 0.1 % Wy weight to about 15 % by weight of the 
condensable mixture comprises olefins; 

oxygenated hydrocarbons, wherein less than about 15 % by weight of the 
condensable mixture comprises oxygenated hydrocarbons; and 
20 asphaltenes, wherein les/ than about 0. 1 % by weight of the condensable mixture 

comprises asphaltenes. 



25 



4400. The mixture of claim 4399, wherein the condensable mixture further comprises 
hydrocarbons having a carpon number of greater than approximately 25, and wherein less 
than about 15 weight % o/the hydrocarbons in the mixture have a carbon number greater 
than approximately 25. 



4401 . The mixture of /claim 4399, wherein about 0.1 % by weight to about 5 % by 
weight of the condensable mixture comprises olefins. 



30 
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4402. The mixture of claim 4399, wherein the condensable mixture further comprises 
non-condensable hydrocarbons, wherein the non-condensable hydrocarbons comprise 
ethene and ethane, and wherein a molar ratio of ethene to eth/lne in the non-condensable 
hydrocarbons ranges from about 0.001 to about 0.15. 

4403. The mixture of claim 4399, wherein the condensable mixture further comprises 
nitrogen, and wherein less than about 1 % by weight, whjfn calculated on an atomic basis, 
of the condensable mixture is nitrogen. 

4404. The mixture of claim 4399, wherein the condensable mixture further comprises 
oxygen, and wherein less than about 1 % by weight, ^vhen calculated on an atomic basis, 
of the condensable mixture is oxygen. 

4405. The mixture of claim 4399, wherein the coAdensable mixture further comprises 
sulfur, and wherein less than about 1 % by weigfyf, when calculated on an atomic basis, of 
the condensable mixture is sulfur. 

4406. The mixture of claim 4399, wherein me condensable mixture further comprises 
oxygen containing compounds, wherein about 5 % by weight to about 30 % by weight of 
the condensable mixture comprise oxygen (Containing compounds, and wherein the 
oxygen containing compounds comprise phenols. 

4407. The mixture of claim 4399, wherein the condensable mixture further comprises 
aromatic compounds, and wherein greater than about 20 % by weight of the condensable 
mixture are aromatic compounds. 

4408. The mixture of claim 4399, wherein the condensable mixture further comprises 
multi-ring aromatics, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ripg aromatics with more than two rings. 
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4409. The mixture of claim 4399, wherein the conden/able mixture further comprises 
cycloalkanes, and wherein about 5 % by weight to abi&ut 30 % by weight of the 
condensable mixture are cycloalkanes. / 

4410. The mixture of claim 4399, wherein the condensable mixture comprises non- 
condensable hydrocarbons, and wherein the nan-condensable hydrocarbons comprise 
hydrogen, and wherein the hydrogen is greater than about 10 % by volume of the non- 
condensable hydrocarbons and wherein theynydrogen is less than about 80 % by volume 
of the non-condensable hydrocarbons. / 

441 1 . The mixture of claim 4399, furtner comprising ammonia, and wherein greater 
than about 0.05 % by weight of the produced mixture is ammonia. 

4412. The mixture of claim 4399/further comprising ammonia, and wherein the 
ammonia is used to produce fertilizer. 

4413. The mixture of claim 4299, wherein about 0.1 % by weight to about 2 % by 
weight of the condensable mixture comprises olefins. 

4414. A condensable mixture produced from a portion of a coal formation, comprising: 
olefins, wherein about 0. 1 % by weight to about 2 % by weight of the 

condensable mixture comprises olefins; 

multi-ring aromatics, wherein less than about 2 % by weight of the condensable 
mixture comprises multi-ring aromatics with more than two rings; and 

oxygenated hydrocarbons, wherein greater than about 25 % by weight of the 
condensable mixture aomprises oxygenated hydrocarbons. 

4415. The mixture hf claim 4414, further comprising hydrocarbons having a carbon 
number of greater tnan approximately 25, wherein less than about 5 weight % of the 
hydrocarbons in the mixture have a carbon number greater than approximately 25. 
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4416. The mixture of claim 4414, wherein the condensable mixture further comprises 
nitrogen, and wherein less than about 1 % by weight, when calculated on an atomic basis, 
of the condensable hydrocarbons is nitrogen. 

5 4417. The mixture of claim 4414, wherein the condensable mixture further comprises 
oxygen, and wherein less than about 1 % by weight, wfyen calculated on an atomic basis, 
of the condensable hydrocarbons is oxygen. 

4418. The mixture of claim 4414, wherein the condensable mixture further comprises 
10 sulfur, and wherein less than about 1 % by weight, yhen calculated on an atomic basis, of 
the condensable hydrocarbons is sulfur. 



15 



4419. The mixture of claim 4414, wherein the condensable mixture further comprises 
oxygen containing compounds, wherein about 5 ?A by weight to about 30 % by weight of 
the condensable hydrocarbons comprise oxygen containing compounds, and wherein the 
oxygen containing compounds comprise phenols. 



20 
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4420. The mixture of claim 4414, whereiiythe condensable mixture further comprises 
aromatic compounds, and wherein greater/han about 20 % by weight of the condensable 
mixture are aromatic compounds. 

4421 . The mixture of claim 4414, wherein the condensable mixture further comprises 
condensable hydrocarbons, and wherein less than about 0.3 % by weight of the 
condensable hydrocarbons are asphafltenes. 

4422. The mixture of claim 441% wherein the condensable mixture further comprises 
cycloalkanes, and wherein about 6 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cvcloalkanes. 



30 4423. The mixture of claim 4414, further comprising ammonia, wherein greater than 
about 0.05 % by weight of the otoduced mixture is ammonia. 
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4424. The mixture of claim 44 14, further comprising/ammonia, wherein the ammonia is 
used to produce fertilizer. 

4425. A mixture produced from a portion of a co&l formation, comprising: 
non-condensable hydrocarbons and H 2) wherein greater than about 10 % by 

volume of the non-condensable hydrocarbonsyand H2 comprises H2; 

ammonia and water, wherein greater/han about 0.5 % by weight of the mixture 
comprises ammonia; and 

condensable hydrocarbons. 



D 
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4426. The mixture of claim 4425, wherein the non-condensable hydrocarbons further 
comprise hydrocarbons having carbon numbers of less than 5, and wherein a weight ratio 
of the hydrocarbons having carbon njumbers from 2 through 4, to methane, in the mixture 
is greater than approximately 1 . 

4427. The mixture of claim 4425, wherein greater than about 0.1 % by weight of the 
condensable hydrocarbons, and wherein less than about 15% by weight of the 
condensable hydrocarbons are olefins. 

4428. The mixture of claim A425, wherein the non-condensable hydrocarbons further 
comprise ethene and ethaneVwherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is greater than about 0.001, and wherein a molar ratio of 
ethene to ethane in the no^-condensable hydrocarbons is less than about 0.15. 

4429. The mixture of c/aim 4425, wherein less than about 1 % by weight, when 
calculated on an atomic/basis, of the condensable hydrocarbons is nitrogen. 



4430. The mixture of claim 4425, wherein less than about 1 % by weight, when 
30 calculated on an atomic basis, of the condensable hydrocarbons is oxygen. 
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443 1 . The mixture of claim 4425, wherein less than about 1 % by weight, when 
calculated on an atomic basis, of the condensable hydrocarbons is sulfur. 

4432. The mixture of claim 4425, wherein about 5/% by weight to about 30 % by 
weight of the condensable hydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. 

4433. The mixture of claim 4425, wherein greater than about 20 % by weight of the 
condensable hydrocarbons are aromatic compounds. 

4434. The mixture of claim 4425, wherein /ess than about 5 % by weight of the 
condensable hydrocarbons comprises multif ring aromatics with more than two rings. 

4435. The mixture of claim 4425, wherein less than about 0.3 % by weight of the 
condensable hydrocarbons are asphaltenes. 

4436. The mixture of claim 4425, wherein about 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons are cycloalkanes. 

4437. The mixture of claim 4425, wherein the H2 is less than about 80 % by volume of 
the non-condensable hydrocarbons and H2. 

4438. The mixture of claim 4A25, wherein the condensable hydrocarbons further 
comprise sulfur containing compounds. 

4439. The mixture of claim 4425, wherein the ammonia is used to produce fertilizer. 

4440. The mixture of claim 4425, wherein less than about 5 % of the condensable 
hydrocarbons have carbon n imbers greater than 25. 
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4441 . The mixture of claim 4425, wherein the cc/ndensable hydrocarbons comprise 
olefins, and wherein about 0.001 % by weight oythe condensable hydrocarbons comprise 
olefins, and wherein less than about 15 % by weight of the condensable hydrocarbons 
comprise olefins. 



Q 
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4442. The mixture of claim 4425, wherein the condensable hydrocarbons comprise 
olefins, and wherein about 0.001 % by weight of the condensable hydrocarbons comprise 
olefins, arid wherein less than about 10 °f> by weight of the condensable hydrocarbons 
comprise olefins. 

4443. The mixture of claim 4425, ^herein the condensable hydrocarbons comprise 
oxygenated hydrocarbons, and wherein greater than about 1.5 % by weight of the 
condensable hydrocarbons comprises oxygenated hydrocarbons. 



1 5 4444. The mixture of claim 4425, wherein the condensable hydrocarbons further 
comprise nitrogen containing I ompounds. 

4445. A method of treating coal formation in situ comprising providing heat from 
three or more heat sources /o at least a portion of the formation, wherein three or more of 

20 the heat sources are locate/l in the formation in a unit of heat sources, and wherein the 
unit of heat sources comprises a triangular pattern. 

4446. The method of daim 4445, wherein three or more of the heat sources are located 
in the formation in a plurality of the units, and wherein the plurality of units are repeated 

25 over an area of the formation to form a repetitive pattern of units. 



4447. The method df claim 4445, wherein three or more of the heat sources are located 
in the formation in af plurality of the units, wherein the plurality of units are repeated over 
an area of the formation to form a repetitive pattern of units, and wherein a ratio of heat 
sources in the repetitive pattern of units to production wells in the repetitive pattern is 
less than approximately 5. 
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4448. The method of claim 4445, wherein three or moref of the heat sources are located 
in the formation in a plurality of the units, wherein the plurality of units are repeated over 
an area of the formation to form a repetitive pattern ofunits, wherein three or more 

5 production wells are located within an area defined by the plurality of units, wherein the 
three or more production wells are located in the formation in a unit of production wells, 
and wherein the unit of production wells comprises/a triangular pattern. 

4449. The method of claim 4445, wherein three/or more of the heat sources are located 
10 in the formation in a plurality of the units, wherein the plurality of units are repeated over 

an area of the formation to form a repetitive pattern of units, wherein three or more 
injection wells are located within an area definfed by the plurality of units, wherein the 
three or more injection wells are located in the formation in a unit of injection wells, and 
wherein the unit of injection wells comprises a triangular pattern. 
15 / 

4450. The method of claim 4445, whereih three or more of the heat sources are located 
in the formation in a plurality of the units, wherein the plurality of units are repeated over 
an area of the formation to form a repetitive pattern of units, wherein three or more 
production wells and three or more injection wells are located within an area defined by 

20 the plurality of units, wherein the three or more production wells are located in the 

formation in a unit of production wep, wherein the unit of production wells comprises a 
first triangular pattern, wherein the three or more injection wells are located in the 
formation in a unit of injection wells, wherein the unit of injection wells comprises a 
second triangular pattern, and whefrein the first triangular pattern is substantially different 

25 than the second triangular pattern 

445 1 . The method of claim 44#5, wherein three or more of the heat sources are located 
in the formation in a plurality of the units, wherein the plurality of units are repeated over 
an area of the formation to forjm a repetitive pattern of units, wherein three or more 

30 monitoring wells are located within an area defined by the plurality of units, wherein the 
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three or more monitoring wells are located in the formation in a unit of monitoring wells, 
and wherein the unit of monitoring wells comprises a triangular pattern. 

4452. The method of claim 4445, wherein a production well is located in an area 
defined by the unit of heat sources. / 

4453. The method of claim 4445, wherein three or more of the heat sources are located 
in the formation in a first unit and a second unit, wherein the first unit is adjacent to the 
second unit, and wherein the first unit is inverted with respect to the second unit. 

4454. The method of claim 4445, wherein a distance between each of the heat sources in 
the unit of heat sources varies by less than about 20 %. 

4455. The method of claim 4443, wherein a distance between each of the heat sources in 
the unit of heat sources is approximately equal. 

4456. The method of claim 4445, wherein providing heat from three or more heat 
sources comprises substantially uniformly providing heat to at least the portion of the 
formation. / 

4457. The method of claim 4445, wherein the heated portion comprises a substantially 
uniform temperature distribution. 

4458. The method of claim 4445, wherein the heated portion comprises a substantially 
uniform temperature/distribution, and wherein a difference between a highest temperature 
in the heated portion and a lowest temperature in the heated portion comprises less than 
about 200 °C. / 

4459. The method of claim 4445, wherein a temperature at an outer lateral boundary of 
the triangular pattern and a temperature at a center of the triangular pattern are 
approximately ec ual. 
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4460. The method of claim 4445, wherein a temperature at an outer lateral boundary of 
the triangular pattern and a temperature at a center of the/triangular pattern increase 
substantially linearly after an initial period of time, andywherein the initial period of time 
comprises less than approximately 3 months. 

4461 . The method of claim 4445, wherein a time /equired to increase an average 
temperature of the heated portion to a selected temperature with the triangular pattern of 
heat sources is substantially less than a time reauired to increase the average temperature 
of the heated portion to the selected temperature with a hexagonal pattern of heat sources, 
and wherein a space between each of the heaf sources in the triangular pattern is 
approximately equal to a space between eaon of the heat sources in the hexagonal pattern. 
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4462. The method of claim 4445, wherein a time required to increase a temperature at a 
15 coldest point within the heated portion to a selected temperature with the triangular 

pattern of heat sources is substantially less than a time required to increase a temperature 
at the coldest point within the heated nortion to the selected temperature with a hexagonal 
pattern of heat sources, and wherein a space between each of the heat sources in the 
triangular pattern is approximately e^ual to a space between each of the heat sources in 
20 the hexagonal pattern. 

4463. The method of claim 4445, /wherein a time required to increase a temperature at a 
coldest point within the heated portion to a selected temperature with the triangular 
pattern of heat sources is substantially less than a time required to increase a temperature 

25 at the coldest point within the hedted portion to the selected temperature with a hexagonal 
pattern of heat sources, and wherein a number of heat sources per unit area in the 
triangular pattern is equal to the/ number of heat sources per unit are in the hexagonal 
pattern of heat sources. 



30 4464. The method of claim 4445, wherein a time required to increase a temperature at a 
coldest point within the heated portion to a selected temperature with the triangular 
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pattern of heat sources is substantially equal to a time required to increase a temperature 
at the coldest point within the heated portion to the selected temperature with a hexagonal 
pattern of heat sources, and wherein a space between e^ch of the heat sources in the 
triangular pattern is approximately 5 m greater than ^rspace between each of the heat 
sources in the hexagonal pattern. 
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4465. The method of claim 4445, wherein providing heat from three or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from three or more of the heat 
10 sources, wherein the formation has an average heat capacity (C v ), and wherein heat from 
three or more of the heat sources pyrolyze^at least sortie hydrocarbons within the 
selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
15 Pwr = h*V*C v *p B 

wherein Pwr is the heating enrfrgy/day, h is an average heating rate of the 
formation, p B is formation bulk densjty, and wherein the heating rate is less than about 
10°C/day. 

20 4466. The method of claim 444^, wherein three or more of the heat sources comprise 
electrical heaters. 



25 



4467. The method of claim 4^45, wherein three or more of the heat sources comprise 
surface burners. 

4468. The method of claini 4445, wherein three or more of the heat sources comprise 
flameless distributed combjustors. 



4469. The method 
30 natural distributed combus 



of claifri 4445, wherein three or more of the heat sources comprise 
tors. 
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4470. The method of claim 4445, further comprising: / 

allowing the heat to transfer from three or more of the heat sources to a selected section 
of the formation such that heat from three or more of pe heat sources pyrolyzes at least 
some hydrocarbons within the selected section of ther formation; and 
producing a mixture of fluids from the formation. / 

447 1 . The method of claim 4470, further comprising controlling a temperature within at 
least a majority of the selected section of the fonnation. wherein the pressure is 
controlled as a function of temperature, or the temperature is controlled as a function of 
pressure. / 

4472. The method of claim 4470, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 .0° C per day during 
pyrolysis. / 

4473. The method of claim 4470, wherein allowing the heat to transfer from three or 
more of the heat sources to the selected section comprises transferring heat substantially 
by conduction. / 

4474. The method of claim 4470, whereip providing heat from three or more of the heat 
sources to at least the portion of the formation comprises heating the selected section 
such that a thermal conductivity of at leapt a portion of the selected section is greater than 
about 0.5 W/m °C. / 

4475. The method of claim 4470, wherein the produced mixture comprises an API 
gravity of at least 25°. / 

4476. The method of claim 4470, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0. V% by weight to about 15% by weight of the 
condensable hydrocarbons are olefins. 
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4477. The method of claim 4470, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar /atio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0X)01 to about 0.15. 

5 4478. The method of claim 4470, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about V % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

4479. The method of claim 4470, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein less than abdut 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbon^is oxygen. 
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4480. The method of claim 4470, wtterein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

15 basis, of the condensable hydrocarbons is sulfur. 

448 1 . The method of claim 4470,/wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 %/by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 

20 containing compounds comprise/phenols. 



25 



4482. The method of claim 4470, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

4483. The method of claim/4470, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



\ 
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4484. The method of claim 4470, wherein the produced/mixture comprises condensable 
hydrocarbons, and wherein less than about 0. 1% by wejght of the condensable 
hydrocarbons are asphaltenes. 

5 4485. The method of claim 4470, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight p about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

4486. The method of claim 4470, wherein thk produced mixture comprises a non- 
10 condensable component, wherein the non-cofldensable component comprises hydrogen, 
wherein the hydrogen is greater than about 1/0 % by volume of the non-condensable 
component, and wherein the hydrogen is le^s than about 80 % by volume of the non- 
condensable component. 

1 5 4487. The method of claim 4470, whereiA the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by /weight of the produced mixture is ammonia. 

4488. The method of claim 4470, wherefin the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

20 

4489. The method of claim 4470, furper comprising controlling formation conditions to 
produce a mixture of hydrocarbon fluifds and H2, wherein a partial pressure of H2 within 
the mixture is greater than about 2.0 bar absolute. 

25 4490. The method of claim 4470, further comprising altering a pressure within the 
formation to inhibit production of^nydrocarbons from the formation having carbon 
numbers greater than about 25. 



4491 . The method of claim 44/0, further comprising controlling formation conditions 
30 by recirculating a portion of hymrogen from the mixture into the formation. 
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4492. The method of claim 4470, further comprising: / 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of the section with heat from hyurogenation. 

4493. The method of claim 4470, further comprising 
producing hydrogen from the formation; and/ 

hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. / 

4494. The method of claim 4470, wherein allowing the heat to transfer from three or 
more of the heat sources to the selected section of the formation comprises increasing a 
permeability of a majority of the selected section to greater than about 100 millidarcy. 

4495. The method of claim 4470, wherein allowing the heat to transfer from three or 
more of the heat sources to the selected section of the formation comprises substantially 
uniformly increasing a permeability of a majority of the selected section. 

4496. The method of claim 4470, fiJrther comprising controlling the heat from three of 
more heat sources to yield greater tMan about 60 % by weight of condensable 
hydrocarbons, as measured by Fischer Assay. 

4497. The method of claim 44/0, wherein producing the mixture comprises producing 
the mixture in a production wall, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

4498. The method of clain/ 4470, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 
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4499. The method of claim 4470, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat soairces, wherein the unit of heat 
sources comprises a triangular pattern, and wherein ^plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

4500. A method for in situ production of synthesis gas from a coal formation, 
comprising: 

heating a section of the formation to a tebperature sufficient to allow synthesis 
gas generation, wherein a permeability of the section is substantially uniform and greater 
than a permeability of an unheated section of pe formation when the temperature 
sufficient to allow synthesis gas generation within the formation is achieved; 

providing a synthesis gas generatingpuid to the section to generate synthesis gas; 

and 

removing synthesis gas from the formation. 

4501 . The method of claim 4500, wherein the permeability of the section is greater than 
about 100 millidarcy when the temperati/re sufficient to allow synthesis gas generation 
within the formation is achieved. 

4502. The method of claim 4500, wherein the temperature sufficient to allow synthesis 
gas generation ranges from approximately 400 °C to approximately 1200 °C. 

4503. The method of claim 4500, /urther comprising heating the section when providing 
the synthesis gas generating fluid inhibit temperature decrease in the section due to 
synthesis gas generation. 



4504. The method of claim 4500, wherein heating the section comprises convecting an 



oxidizing fluid into a portion o 
above a temperature sufficient 



the section, wherein the temperature within the section is 
o support oxidation of carbon within the section with the 
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oxidizing fluid, and reacting the oxidizing fluid with 
heat within the section. / 



:arbon in the section to generate 



4505. The method of claim 4504, wherein the oxidizing fluid comprises air. 

4506. The method of claim 4505, wherein an amount of the oxidizing fluid convected 
into the section is configured to inhibit formation of oxides of nitrogen by maintaining a 
reaction temperature below a temperature sufficient to produce oxides of nitrogen 
compounds. / 

4507. The method of claim 4500, wherein heating the section comprises diffusing an 
oxidizing fluid to reaction zones adjacentAo wellbores within the formation, oxidizing 
carbon within the reaction zone to generate heat, and transferring the heat to the section. 

4508. The method of claim 4500, wherein heating the section comprises heating the 
section by transfer of heat from one or more of electrical heaters. 

4509. The method of claim 4500, Merein heating the section to a temperature sufficient 
to allow synthesis gas generation and providing a synthesis gas generating fluid to the 
section comprises introducing steam into the section to heat the formation and to generate 
synthesis gas. / 

45 10. The method of claim 4 5O0, further comprising controlling the heating of the 
section and provision of the swithesis gas generating fluid to maintain a temperature 
within the section above the temperature sufficient to generate synthesis gas. 

45 1 1 . The method of claim /4500, further comprising: 
monitoring a composition of the produced synthesis gas; and 

controlling heating qf the section and provision of the synthesis gas generating 
fluid to maintain the composition of the produced synthesis gas within a selected range. 
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45 1 2. The method of claim 45 1 1 . wherein the selected range comprises a ratio of H2 to 
CO of about 2:1. / 

4513. The method of claim 4500, wherein the synthesis gas generating fluid comprises 
liquid water. / 

45 14. The method of claim 4500, wherein the synthesis gas generating fluid comprises 
steam. / 

45 1 5. The method of claim 4500, wherein/the synthesis gas generating fluid comprises 
water and carbon dioxide, and wherein the/carbon dioxide inhibits production of carbon 
dioxide from carbon containing material within the section. 

45 1 6. The method of claim 45 1 5, wheyein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 

4517. The method of claim 4500, Wnerein the synthesis gas generating fluid comprises 
carbon dioxide, and wherein a portion of the carbon dioxide reacts with carbon in the 
formation to generate carbon monoxide. 

45 1 8. The method of claim 45 III, wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 

4519. The method of claim 
to the section comprises rais 
the section. I 

4520. The method of claim 4500, wherein the synthesis gas is removed from a producer 
well equipped with a heading source, and wherein a portion of the heating source adjacent 
to a synthesis gas producing zone operates at a substantially constant temperature to 
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p00, wherein providing the synthesis gas generating fluid 
ig a water table of the formation to allow water to flow into 



promote production of the synthesis gas wherein the synthesis gas has a selected 
composition. 

452 1 . The method of claim 4520, wherein the substantially constant temperature is 
5 about 700 °C ; and wherein the selected composition has a H2 to CO ratio of about 2:1. 



10 



4522. The method of claim 4500, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers Less than 5, and wherein at least a 
portion of the hydrocarbons are subjected to a reaction within the section to increase a H2 
concentration of the generated synthesis gas. 
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4523. The method of claim 4500, wherein me synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers greater than 4, and wherein at least a 
portion of the hydrocarbons react within tjfte section to increase an energy content of the 
synthesis gas removed from the formation. 

4524. The method of claim 4500, further comprising maintaining a pressure within the 
formation during synthesis gas generation, and passing produced synthesis gas through a 
turbine to generate electricity. 

4525. The method of claim 450$ further comprising generating electricity from the 
synthesis gas using a fuel cell. 



4526. The method of claim 4600, further comprising generating electricity from the 
25 synthesis gas using a fuel celjf, separating carbon dioxide from a fluid exiting the fuel cell, 
and storing a portion of the Separated carbon dioxide within a spent section of the 
formation. 



4527. The method of claim 4500, further comprising using a portion of the synthesis gas 
30 as a combustion fuel to hekt the formation. 
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4528. The method of claim 4500, further comprisiWconverting at least a portion of the 
produced synthesis gas to condensable hydrocarbon/ using a Fischer-Tropsch synthesis 
process. 

5 4529. The method of claim 4500. further comprising converting at least a portion of the 
produced synthesis gas to methanol. 

4530. The method of claim 4500, further Comprising converting at least a portion of the 
produced synthesis gas to gasoline. 



10 



453 1 . The method of claim 4500, furper comprising converting at least a portion of the 
synthesis gas to methane using a catalytic methanation process. 



m 

B 



4532. The method of claim 4500, mrther comprising providing heat from three or more 
15 heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

4533. The method of claim 4o00, further comprising providing heat from three or more 
20 heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the fqrmation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the forma/ion to form a repetitive pattern of units. 



25 4534. A method of treating a coal formation in situ, comprising: 

providing heat/from one or more heat sources to at least a portion of the 
formation; 

allowing the/heat to transfer from the one or more heat sources to substantially 
uniformly increase/a permeability of the portion and to increase a temperature of the 
30 portion to a temperature sufficient to allow synthesis gas generation; 
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providing a synthesis gas generating fluid to at le^st the portion of the selected 
section, wherein the synthesis gas generating fluid coniprises carbon dioxide; 

obtaining a portion of the carbon dioxide of jfte synthesis gas generating fluid 
from the formation; and 

producing synthesis gas from the formation. 

4535. The method of claim 4534, wherein tfie temperature sufficient to allow synthesis 
gas generation is within a range from abotft 400 °C to about 1200 °C. 

10 4536. The method of claim 4534, further comprising using a second portion of the 

separated carbon dioxide as a flooding agent to produce hydrocarbon bed methane from a 
coal formation. 



4537. The method of claim 4536, wherein the coal formation is a deep coal formation 
15 over 760 m below ground surface. 

4538. The method of claim A536, wherein the coal formation adsorbs some of the 
carbon dioxide to sequesterAhe carbon dioxide. 



o 



20 4539. The method of claim 4534, further comprising using a second portion of the 
separated carbon dioxide as a flooding agent for enhanced oil recovery. 



25 



4540. The method of claim 4534, wherein the synthesis gas generating fluid comprises 
water and hydrocaroons having carbon numbers less than 5, and wherein at least a 
portion of the hydrocarbons undergo a reaction within the selected section to increase a 
H2 concentration within the produced synthesis gas. 



4541. The method of claim 4534, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers greater than 4, and wherein at least a 
portion of me hydrocarbons react within the selected section to increase an energy 
content of the produced synthesis gas. 
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4542. The method of claim 4534, further comprising maintaining a pressure within the 
formation during synthesis gas generation, and passing produc/d synthesis gas through a 
turbine to generate electricity. 

5 

4543. The method of claim 4534, further comprising generating electricity from the 
synthesis gas using a fuel cell. 

4544. The method of claim 4534, further comprising generating electricity from the 
10 synthesis gas using a fuel cell, separating carbon dioxide from a fluid exiting the fuel cell, 

and storing a portion of the separated carbon dioxide within a spent portion of the 
formation. 



LJi 
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4545. The method of claim 4534, further Comprising using a portion of the synthesis gas 
15 as a combustion fuel for heating the formation. 

4546. The method of claim 4534, filmier comprising converting at least a portion of the 
produced synthesis gas to condensate hydrocarbons using a Fischer-Tropsch synthesis 
process. 



20 



4547. The method of claim 45 J4, further comprising converting at least a portion of the 
produced synthesis gas to methanol. 



4548. The method of claim 4534, further comprising converting at least a portion of the 
25 produced synthesis gas to gasoline. 



4549. The method of c/aim 4534, further comprising converting at least a portion of the 
synthesis gas to methane using a catalytic methanation process. 
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4550. The method of claim 4534, wherein a temperature of/he one or more heat sources 
wellbore is maintained at a temperature of less than approximately 700 °C to produce a 
synthesis gas having a ratio of H2 to carbon monoxide ok greater than about 2. 

5 455 1 . The method of claim 4534, wherein a temperature of the one or more heat sources 
wellbore is maintained at a temperature of greatei/than approximately 700 °C to produce 
a synthesis gas having a ratio of H2 to carbon monoxide of less than about 2. 

4552. The method of claim 4534, wherein a temperature of the one or more heat sources 
10 wellbore is maintained at a temperature of Approximately 700 °C to produce a synthesis 

gas having a ratio of H2 to carbon monojade of approximately 2. 

4553. The method of claim 4534, wh/rein a heat source of the one or more of heat 
sources comprises an electrical heatei/ 



15 



4554. The method of claim 4534,/wherein a heat source of the one or more heat sources 
comprises a natural distributor heater. 



P 



4555. The method of claim 4534, wherein a heat source of the one or more heat sources 
20 comprises a flameless distributor combustor (FDC) heater, and wherein fluids are 

produced from the wellbore pf the FDC heater through a conduit positioned within the 
wellbore. 



4556. The method of claim 4534, further comprising providing heat from three or more 
25 heat sources to at least af portion of the formation, wherein three or more of the heat 

sources are located in me formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a tmangular pattern. 



4557. The method/of claim 4534, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
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sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive patterrr of units. 



U 
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4558. A method of in situ synthesis gas production, comprising: 
5 providing heat from one or more flamele^s distributed combustor heaters to at 

least a first portion of a coal formation; 

allowing the heat to transfer from throne or more heaters to a selected section of 
the formation such that the heat from the one or more heaters substantially uniformly 
increases a permeability of the selected section, and to raise a temperature of the selected 
10 section to a temperature sufficient to generate synthesis gas; 

introducing a synthesis gas producing fluid into the selected section to generate 
synthesis gas; and 

removing synthesis gas fro/n the formation. 

15 4559. The method of claim 45o8, wherein the one or more heaters comprise at least two 
heaters, and wherein superposition of heat from at least the two heaters substantially 
uniformly increases a permeability of the selected section, and raises a temperature of the 
selected section to a temperature sufficient to generate synthesis gas. 



p 



20 4560. The method of fiflaim 4558, further comprising producing the synthesis gas from 
the formation under pressure, and generating electricity from the produced synthesis gas 
by passing the produced synthesis gas through a turbine. 



456 1 . The method of claim 4558, further comprising producing pyrolyzation products 
25 from the formation when raising the temperature of the selected section to the 
temperature sufficient to generate synthesis gas. 



4562. The method of claim 4558, further comprising separating a portion of carbon 
dioxide from the removed synthesis gas, and storing the carbon dioxide within a spent 
portion of tne formation. 
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4563. The method of claim 4558, further comprising storing/carbon dioxide within a 
spent portion of the formation, wherein an amount of carbocf dioxide stored within the 
spent portion of the formation is equal to or greater than afi amount of carbon dioxide 
within the removed synthesis gas. 

5 

4564. The method of claim 4558, further comprising separating a portion of H 2 from the 
removed synthesis gas; and using a portion of the separated hh as fuel for the one or more 
heaters. 

10 4565. The method of claim 4564, further comprising using a portion of exhaust products 
from one or more heaters as a portion of the synthesis gas producing fluid 
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4566. The method of claim 4558, furthe/ comprising using a portion of the removed 
synthesis gas with a fuel cell to generate electricity. 

4567. The method of claim 4566, Wnerein the fuel cell produces steam, and wherein a 
portion of the steam is used as a portion of the synthesis gas producing fluid. 

4568. The method of claim 45a6, wherein the fuel cell produces carbon dioxide, and 
wherein a portion of the carbon dioxide is introduced into the formation to react with 
carbon within the formation tp produce carbon monoxide. 



25 



4569. The method of claim 4566, wherein the fuel cell produces carbon dioxide, and 
storing an amount of carbon dioxide within a spent portion of the formation equal or 
greater to an amount of me carbon dioxide produced by the fuel cell. 



4570. The method of/claim 4558, further comprising using a portion of the removed 
synthesis gas as a feefl product for formation of hydrocarbons. 
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4571 . The method of claim 4558, wherein the synthesis gas producing fluid comprises 
hydrocarbons having carbon numbers less than 5, and wherein the hydrocarbons crack 
within the formation to increase an amount of H2 within tke generated synthesis gas. 

4572. The method of claim 4558, further comprisim/providing heat from three or more 
heat sources to at least a portion of the formation, wnerein three or more of the heat 
sources are located in the formation in a unit of hefat sources, and wherein the unit of heat 
sources comprises a triangular pattern. / 

4573. The method of claim 4558, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a/unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern/and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

4574. A method of treating a coail formation, comprising: 

heating a portion of the formation with one or more electrical heaters to a 
temperature sufficient to pyrolyze hydrocarbons within the portion; 
producing pyrolyzatipn fluid from the formation; 
separating a fuel cell feed stream from the pyrolyzation fluid; and 
directing the fuel ycell feed stream to a fuel cell to produce electricity; 

4575. The method oyclaim 4574, wherein the fuel cell is a molten carbonate fuel cell. 

4576. The method/of claim 4574, wherein the fuel cell is a solid oxide fuel cell. 

4577. The method of claim 4574, further comprising using a portion of the produced 
electricity to pmver the electrical heaters. 
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4578. The method of claim 4574, wherein heating the portion of the formation is 
performed at a rate sufficient to increase a permeability of the portion and to produce a 
substantially uniform permeability within the portion. / 



4579. The method of claim 4574, wherein the fuel cell feed stream comprises H 2 and 
hydrocarbons having a carbon number of less than 5. 

4580. The method of claim 4574, wherein the full cell feed stream comprises H 2 and 
hydrocarbons having a carbon number of less than 3. 

458 1 . The method of claim 4574, further comprising hydrogenating the pyrolyzation 
fluid with a portion of H 2 from the pyrolyzation fluid. 

4582. The method of claim 4574, wherein the hydrogenation is done in situ by directing 
the H 2 into the formation. / 

4583. The method of claim 4574, whferein the hydrogenation is done in a surface unit. 

4584. The method of claim 4574, further comprising directing hydrocarbon fluid having 
carbon numbers less than 5 adjacent to at least one of the electrical heaters, cracking a 
portion of the hydrocarbons to produce H 2 , and producing a portion of the hydrogen from 
the formation. / 

4585. The method of claim 4584, further comprising directing an oxidizing fluid 
adjacent to at least the one of me electrical heaters, oxidizing coke deposited on or near 
the at least one of the electrical heaters with the oxidizing fluid. 

4586. The method of claim 4574, further comprising storing C0 2 from the fuel cell 
within the formation. / 
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4587. The method of claim 4586, wherein the CO2/1S adsorbed to carbon material within 
a spent portion of the formation. 

4588. The method of claim 4574, further corrjprising cooling the portion to form a spent 
5 portion of formation. 

4589. The method of claim 4588, where/n cooling the portion comprises introducing 
water into the portion to produce steam/and removing steam from the formation. 

10 4590. The method of claim 4589, further comprising using a portion of the removed 
steam to heat a second portion of the formation. 



15 



4591 . The method of claim 4589, further comprising using a portion of the removed 
steam as a synthesis gas producing fluid in a second portion of the formation. 



4592. The method of claim p74, further comprising: 

heating the portion to a temperature sufficient to support generation of synthesis 
gas after production of the pyrolyzation fluids; 

introducing a synthesis gas producing fluid into the portion to generate synthesis 
20 gas; and 

removing a portibn of the synthesis gas from the formation. 



4593. The method oy claim 4592, further comprising producing the synthesis gas from 
the formation under pressure, and generating electricity from the produced synthesis gas 

25 by passing the produced synthesis gas through a turbine. 

4594. The method of claim 4592, further comprising using a first portion of the removed 
synthesis gas as ftiel cell feed. 



30 4595. The method of claim 4592, further comprising producing steam from operation of 



the fuel cell, and 



using the steam as part of the synthesis gas producing fluid. 
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4596. The method of claim 4592. further comprising using carbon/dioxide from the fuel 
cell as a part of the synthesis gas producing fluid. / 

4597. The method of claim 4592. further comprising using a/portion of the synthesis gas 
to produce hydrocarbon product. / 

4598. The method of claim 4592. further comprising cpoling the portion to form a spent 
portion of formation. / 

4599. The method of claim 4598. wherein cooling the portion comprises introducing 
water into the portion to produce steam, and removing steam from the formation. 

4600. The method of claim 4599 ; further comprising using a portion of the removed 
steam to heat a second portion of the formation. 

4601 . The method of claim 4599, further comprising using a portion of the removed 
steam as a synthesis gas producing fluid hya second portion of the formation. 

4602. The method of claim 4574 ? further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation iiya unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

4603. The method of claim 4574 ; /further comprising providing heat from three or more 
heat sources to at least a portion or the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular rfattern ; and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 
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4604. A method for in situ production of synthesis gas/rom a coal formation, 
comprising: / ■ 

providing heat from one or more heat sources to at least a portion of the 
formation; / 

allowing the heat to transfer from the orfe or more heat sources to a selected 
section of the formation such that the heat from the one or more heat sources pyrolyzes at 
least some of the hydrocarbons within the ^elected section of the formation: 

producing pyrolysis products from the formation; 

heating at least a portion of the ^elected section to a temperature sufficient to 
generate synthesis gas; / 

providing a synthesis gas generating fluid to at least the portion of the selected 
section to generate synthesis gas; apd 

producing a portion of the/synthesis gas from the formation. 

4605. The method of claim 4604, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least sdme hydrocarbons within the selected section of the 
formation. / 

4606. The method of claim 4604 ; further comprising allowing the heat to transfer from 
the one or more heat sources to the selected section to substantially uniformly increase a 
permeability of the selected section. 

4607. The method of claim 4604, further comprising controlling heat transfer from the 
one or more heat sources to produce a permeability within the selected section of greater 
than about 100 millidarcy. 

4608. The method of claim 4604, further comprising heating at least the portion of the 
selected section when providing the synthesis gas generating fluid to inhibit temperature 
decrease witiiin the selected section during synthesis gas generation. 
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4609. The method of claim 4604. wherein the temperature sufficient to allow synthesis 
gas generation is within a range from approximately 400 °U to approximately 1200 °C. 

461 0. The method of claim 4604/ wherein heating at l/ast the portion of the selected 
section to a temperature sufficient to allow synthesis /as generation comprises: 

heating zones adjacent to wellbores of one or more heat sources with heaters 
disposed in the wellbores ; wherein the heaters are/configured to raise temperatures of the 
zones to temperatures sufficient to support reaction of hydrocarbon material within the 
zones with an oxidizing fluid; / 

introducing the oxidizing fluid to theyzones substantially by diffusion; 

allowing the oxidizing fluid to react/with at least a portion of the hydrocarbon 
material within the zones to produce heat/n the zones; and 

transferring heat from the zones to the selected section. 

461 1 . The method of claim 4604 ; wherein heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 
introducing an oxidizing fluid into the formation through a wellbore; 
transporting the oxidizing fluid substantially be convection into the portion of the 

selected section, wherein the portion of the selected section is at a temperature sufficient 
to support an oxidization react/on with the oxidizing fluid: and 

reacting the oxidizin^fluid within the portion of the selected section to generate 
heat and raise the temperature of the portion. 

4612. The method of cla/m 4604 ; wherein the one or more heat sources comprise one or 
more electrical heaters disposed in the formation. 

4613. The method of (Claim 4604 ? wherein one or more heat sources comprise one or 
more heater wells, wherein at least one heater well comprises a conduit disposed within 
the formation, and further comprising heating the conduit by flowing a hot fluid through 
the conduit. / 
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4614. The method of claim 4604, wherein heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis eas generation and providing a 
synthesis gas generating fluid to at least the portion pf the selected section comprises 
introducing steam into the portion. / 

5 / 

461 5. The method of claim 4604, further comprising controlling the heating of at least 
the portion of selected section and provision of the synthesis gas generating fluid to 
maintain a temperature within at least the portion of the selected section above the 
temperature sufficient to generate synthesis eas. 

10 / 

46 1 6. The method of claim 4604, furthey comprising: 

^ monitoring a composition of the produced synthesis gas; and 

-J3 controlling heating of at least the portion of selected section and provision of the 

j* synthesis gas generating fluid to maintain the composition of the produced synthesis gas 
CI] 15 within a desired range. / 

^ 461 7. The method of claim 4604 ; Avherein the synthesis gas generating fluid comprises 
0 liquid water. / 

~P 20 461 8. The method of claim 4604, wherein the synthesis gas generating fluid comprises 

O / 
Li steam. / 

4619. The method of claim A604, wherein the synthesis gas generating fluid comprises 
water and carbon dioxide, wherein the carbon dioxide inhibits production of carbon 

25 dioxide from the selected section. 

4620. The method of clap 461 9, wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 
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462 1 . The method of claim 4604, wherein the synthesis gas generating fluid comprises 
carbon dioxide, and wherein a portion of the carbon dioxide reacts with carbon in the 
formation to generate carbon monoxide. / 

4622. The method of claim 462 1 . wherein a pomon of the carbon dioxide within the 
synthesis gas generating fluid comprises carboiydi oxide removed from the formation. 

4623. The method of claim 4604. wherein providing the synthesis gas generating fluid 
to at least the portion of the selected section/comprises raising a water table of the 
formation to allow water to flow into the a/ least the portion of the selected section. 

4624. The method of claim 4604. wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers less than 5. and wherein at least a 
portion of the hydrocarbons are subjected to a reaction within at least the portion of the 
selected section to increase a H: concentration within the produced synthesis gas. 

4625. The method of claim 4604 } /wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers greater than 4. and wherein at least a 
portion of the hydrocarbons react within at least the portion of the selected section to 
increase an energy content of tne produced synthesis gas. 

4626. The method of claim 4604, further comprising maintaining a pressure within the 
formation during synthesis gas generation, and passing produced synthesis gas through a 
turbine to generate electriciry. 

4627. The method of claim 4604. further comprising generating electricity from the 
synthesis gas using a fuetf cell. 

4628. The method of claim 4604, further comprising generating electricity from the 
synthesis gas using a fuel cell, separating carbon dioxide from a fluid exiting the fuel cell. 
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and storing a portion of the separated carbon dioxide within a spent section of the 
formation. / 

4629. The method of claim 4604, further comprising using a portion of the synthesis gas 
as a combustion fuel for the one or more heat sources. / 

4630. The method of claim 4604, further comprising converting at least a portion of the 
produced synthesis gas to condensable hydrocarbons using a Fischer- Tropsch synthesis 
process. / 

463 1 . The method of claim 4604, further comprising? converting at least a portion of the 
produced synthesis gats to methanol. / 

4632. The method of claim 4604, further comprising converting at least a portion of the 
produced synthesis gas to gasoline. / 

4633. The method of claim 4604, further composing converting at least a portion of the 
synthesis gas to methane using a catalytic methattiation process. 

4634. The method of claim 4604, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit/ of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. / 

4635. The method of claim 4604, furtherf comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a tinit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, aid wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 
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4636. A method for in situ production of synthesis gas from a coal formation, 
comprising: 

heating a first portion of the formatior^to pyrolyze some hydrocarbons within the 
first portion; 

allowing the heat to transfer from oife or more heat sources to a selected section 
of the formation. 

pyrolyzing hydrocarbons within the selected section; 

producing fluid from the first portion, wherein the fluid comprises an aqueous 
fluid and a hydrocarbon fluid; 

heating a second portion of tife formation to a temperature sufficient to allow 
synthesis gas generation; 

introducing at least a portioA of the aqueous fluid to the second section after the 
section reaches the temperature sufficient to allow synthesis gas generation; and 

producing synthesis gas from the formation. 

4637. The method of claim 4656, wherein the temperature sufficient to allow synthesis 
gas generation ranges from approximately 400 °C to approximately 1200 °C. 



4638. The method of claim/4636, further comprising separating ammonia within the 
20 aqueous phase from the aqueous phase prior to introduction of at least the portion of the 

aqueous fluid to the second section. 

4639. The method of claim 4636, wherein a permeability of the second portion of the 
formation is substantially uniform and greater than about 100 millidarcy when the 

25 temperature sufficient tfo allow synthesis gas generation is achieved. 



4640. The method oi claim 4636, further comprising heating the second portion of the 
formation during introduction of at least the portion of the aqueous fluid to the second 
section to inhibit temperature decrease in the second section due to synthesis gas 
30 generation. 
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4641 . The method of claim 4636. wherein heating the second porufcn of the formation 
comprises convecting an oxidizing fluid into a portion of the second portion that is above 
a temperature sufficient to support oxidation of carbon within the portion with the 
oxidizing fluid, and reacting the oxidizing fluid with carbon in the portion to generate 
heat within the portion. / 

4642. The method of claim 4636. wherein heating the second portion of the formation 
comprises diffusing an oxidizing fluid to reaction zones adjacent to wellbores within the 
formation, oxidizing carbon within the reaction zones w generate heat, and transferring 
the heat to the second portion. / 

4643. The method of claim 4636. wherein heating tjie second portion of the formation 
comprises heating the second section by transfer of neat from one or more electrical 
heaters. / 

4644. The method of claim 4636. wherein heating the second portion of the formation 
comprises heating the second section with a flameless distributor combustor. 

4645. The method of claim 4636, wherein heating the second portion of the formation 
comprises injecting steam into at least the portion of the formation. 

4646. The method of claim 4636. wherep at least a portion of the aqueous fluid 
comprises a liquid phase. / 

4647. The method of claim 4636, wherein the aqueous fluid comprises a vapor phase. 

4648. The method of claim 4636, further comprising adding carbon dioxide to at least 
the portion of aqueous fluid to inhibit production of carbon dioxide from carbon within 
the formation. / 
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4649. The method of claim 4648, wherein a portioi 
carbon dioxide removed from the formation. / 



of the carbon dioxide comprises 



4650. The method of claim 4636 ; further comprising adding hydrocarbons with carbon 
numbers lessthan 5 to at least the portion of the aqueous fluid to increase a H? 
concentration within the produced synthesis gas. 

465 1 . The method of claim 4636, further comprising adding hydrocarbons with carbon 
numbers less than 5 to at least the portion pf the aqueous fluid to increase a H: 
concentration within the produced synthesis gas, wherein the hydrocarbons are obtained 
from the produced fluid. / 

4652. The method of claim 4636. furper comprising adding hydrocarbons greater than 4 
to at least the portion of the aqueous fluid to increase energy content of the produced 
synthesis gas. / 

4653. The method of claim 4636, further comprising adding hydrocarbons greater than 4 
to at least the portion of the aqueous fluid to increase energy content of the produced 
synthesis gas, wherein the hydrocarbons are obtained from the produced fluid. 

4654. The method of claim 46i6. further comprising maintaining a pressure within the 
formation during synthesis gas /generation, and passing produced synthesis gas through a 
turbine to generate electricity./ 

4655. The method of claim Z4636, further comprising generating electricity from the 
synthesis gas using a fuel cell. 

4656. The method of claiih 4636. further comprising generating electricity from the 
synthesis gas using a fuel cell, separating carbon dioxide from a fluid exiting the fuel cell, 
and storing a portion of the separated carbon dioxide within a spent portion of the 
formation. 
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4657. The method of claim 4636, further comprising using /portion of the synthesis gas 
as a combustion fuel for the one or more heat sources. 

5 4658. The method of claim 4636, further comprising converting at least a portion of the 
produced synthesis gas to condensable hydrocarbons using a Fischer-Tropsch synthesis 
process. 

4659. The method of claim 4636, further comprisjfng converting at least a portion of the 
10 produced synthesis gas to methanol. 

4660. The method of claim 4636, further comprising converting at least a portion of the 
produced synthesis gas to gasoline. 

15 4661 . The method of claim 4636, further comprising converting at least a portion of the 
synthesis gas to methane using a catalytic methanation process. 

4662. The method of claim 4636, further Comprising providing heat from three or more 
heat sources to at least a portion of the fomiation, wherein three or more of the heat 

20 sources are located in the formation in a pnit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

4663. The method of claim 4636. further comprising providing heat from three or more 
heat sources to at least a portion of Xht formation, wherein three or more of the heat 

25 sources are located in the formation m a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

4664. A method for in situ production of synthesis gas from a coal formation, 
30 comprising: 
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heating a portion of the formation with one or more heat sources to create 
increased and substantially uniform permeability witfiin a portion of the formation and to 
raise a temperature within the portion to a temperature sufficient to allow synthesis gas 
generation; 

. providing a synthesis gas generating fluictfinto the portion through at least one 
injection wellbore to generate synthesis gas froip hydrocarbons and the synthesis gas 
generating fluid; and 

producing synthesis gas from at least ofae heat source wellbore in which is 
positioned proximate to a heat source of the qne or more heat sources. 

4665. The method of claim 4664 ; wherein Ahe temperature sufficient to allow synthesis 
gas generation is within a range from aboui 400° C to about 1200 °C. 



4666. The method of claim 4664. wherein creating a substantially uniform permeability 
15 comprises heating the portion to a temperature within a range sufficient to pyrolyze 
hydrocarbons within the portion, raising the temperature within the portion at a rate of 
less than about 5 °C per day during pjjirolyzation and removing a portion of pyrolyzed 
fluid from the formation. 

20 4667. The method of claim 4664, further comprising removing fluid from the formation 
through at least the one injection wellbore prior to heating the selected section to the 
temperature sufficient to allow swithesis gas generation. 

4668. The method of claim 4664, wherein the injection wellbore comprises a wellbore 
25 of a heat source in which is positioned a heat source of the one or more heat sources. 

4669. The method of claim 4664, further comprising heating the selected portion during 
providing the synthesis gas generating fluid to inhibit temperature decrease in at least the 
portion of the selected secticfn due to synthesis gas generation. 

30 
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4670. The method of claim 4664. further comprising providing a portion of the heat 
needed to raise the temperature sufficient to allow synthesis gas generation by convecting 
an oxidizing fluid to hydrocarbons within the selected section tj/oxidize a portion of the 
hydrocarbons and generate heat. 

4671 . The method of claim 4664. further comprising controlling the heating of the 
selected section and provision of the synthesis gas generating fluid to maintain a 
temperature within the selected section above the temperature sufficient to generate 
synthesis gas. 



15 



4672. The method of claim 4664 s further comprising: 

monitoring a composition of the produced synthesis gas; and 

controlling heating of the selected section and provision of the synthesis gas 

generating fluid to maintain the composition o^ the produced synthesis gas within a 

desired range. 



4673. The method of claim 4664 ; wherei/ the synthesis gas generating fluid comprises 
liquid water. 

20 4674. The method of claim 4664. wherein the synthesis gas generating fluid comprises 
steam. 

4675. The method of claim 4664,Avherein the synthesis gas generating fluid comprises 
steam to heat the selected section And to generate synthesis gas. 

25 / 

4676. The method of claim 46£4, wherein the synthesis gas generating fluid comprises 
water and carbon dioxide. 



4677. The method of claim A676, wherein a portion of the carbon dioxide comprises 
30 carbon dioxide removed from the formation. 
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4678. The method of claim 4664 ; wherein the synthesis gas generating fluid comprises 
carbon dioxide, and wherein a portion of the carbon dioxide reacts ^ r ith carbon in the 
formation to generate carbon monoxide. 

5 4679. The method of claim 4678, wherein a portion of the cftbon dioxide comprises 
carbon dioxide removed from the formation. 
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4680. The method of claim 4664 ; wherein providing thtf synthesis gas generating fluid 
to the selected section comprises raising a water table of the formation to allow water to 
enter the selected section. 



3 * 
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4681. The method of claim 4664, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers less than 5. and wherein at least a 
portion of the hydrocarbons undergo a reaction within the selected section to increase a 
H: concentration within the produced synthesis gas. 

4682. The method of claim 4664, wherein th6 synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numoers greater than 4. and wherein at least a 
portion of the hydrocarbons react within th^ selected section to increase an energy 
content of the produced synthesis gas. 

4683. The method of claim 4664, further comprising maintaining a pressure within the 
formation during synthesis gas generat/on ; and passing produced synthesis gas through a 
turbine to generate electricity. 

4684. The method of claim 4664 ; further comprising generating electricity from the 
synthesis gas using a fuel cell. 



4685. The method of claim 4664, further comprising generating electricity' from the 
30 synthesis gas using a fuel cell, separating carbon dioxide from a fluid exiting the fuel cell. 
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and storing a portion of the separated carbon dioxide within a spent 
formation. > 



irtion of the 



4686. The method of claim 4664 ; further comprising using a portion of the synthesis gas 
as a combustion fuel for heating the formation. 

4687. The method of claim 4664, further comprising converting at least a portion of the 
produced synthesis gas to condensable hydrocarbons using a Fischer-Tropsch synthesis 
process. 

4688. The method of claim 4664, further comprising converting at least a portion of the 
produced synthesis gas to methanol. 

4689. The method of claim 4664 r further comprising converting at least a portion of the 
produced synthesis gas to gasoline. 

4690. The method of claim 4664, further/comprising converting at least a portion of the 
synthesis gas to methane using a catalytic methanation process. 

4691 . The method of claim 4664, whirein a temperature of at least the one heat source 
wellbore is maintained at a temperature of less than approximately 700 °C to produce a 
synthesis gas having a ratio of H2 to/carbon monoxide of greater than about 2. 

4692. The method of claim 4664; wherein a temperature of at least the one heat source 
wellbore is maintained at a temperature of greater than approximately 700 °C to produce 
a synthesis gas having a ratio owH 2 to carbon monoxide of less than about 2. 

4693. The method of claim 4664, wherein a temperature of at least the one heat source 
wellbore is maintained at a temperature of approximately 700 °C to produce a synthesis 
gas having a ratio of H 2 to carbon monoxide of approximately 2. 
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4694. The method of claim 4664, wherein a heat source of the one or/more heat sources 
comprises an electrical heater. 

4695. The method of claim 4664; wherein a heat source of the /ne or more heat sources 
comprises a natural distributor heater. 

4696. The method of claim 4664. wherein a heat source o/the one or more heat sources 
comprises a flameless distributor combustor (FDC) heater, and wherein fluids are 
produced from the wellbore of the FDC heater through^ conduit positioned within the 
wellbore. 

4697. The method of claim 4664, further comprising providing heat from three or more 
heat sources to at least a portion of the formation? wherein three or more of the heat 
sources are located in the formation in a unit ofj4ieat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

4698. The method of claim 4664, further (Comprising providing heat from three or more 
heat sources to at least a portion of the fopiation, wherein three or more of the heat 
sources are located in the formation in aAinit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, And wherein a plurality of the units are repeated 
over an area of the formation to form / repetitive pattern of units. 



4699. A method of treating a coal formation in situ, comprising: 

providing heat from one orpiore heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation such that the heat from the one or more heat sources pyrolyzes at 
least a portion of hydrocarbon material within the selected section of the formation: 

producing pyrolysis products from the formation; 

heating a first portion if a formation with one or more heat sources to a 
temperature sufficient to allow generation of synthesis gas; 
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providing a first synthesis gas generating fluid to the first j&ortion to generate a 
first synthesis gas; 

removing a portion of the first synthesis gas from the formation; 

heating a second portion of a formation with one mpre heat sources to a 
temperature sufficient to allow generation of synthesis gjs having a H: to CO ratio 
greater than a H2 to CO ratio of the first synthesis gas; 

providing a second synthesis gas generating component to the second portion to 
generate a second synthesis gas; 

removing a portion of the second synthesis^gas from the formation: and 

blending a portion of the first synthesis sas with a portion of the second synthesis 
gas to produce a blended synthesis gas having a selected H2 to CO ratio. 

4700. The method of claim 4699. wherein tne one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

4701 . The method of claim 4699, wherein the first synthesis gas generating fluid and 
second synthesis gas generating fluifl are the same component. 

4702. The method of claim 4690, further comprising controlling the temperature in the 
first portion to control a composition of the first synthesis gas. 

4703. The method of claim A699. further comprising controlling the temperature in the 
second portion to control a composition of the second synthesis gas. 

4704. The method of claim 4699 ; wherein the selected ratio is controlled to be 
approximately 2:1 H 2 to CO. 



4705. The method of claim 4699 ; wherein the selected ratio is controlled to range from 



approximately 1.8:1 to 



approximately 2.2:1 H:to CO. 
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4706. The method of claim 4699. wherein the selected ratio is controlled to be 
approximately 3:1 H2 to CO. / 

4707. The method of claim 4699. wherein the selected rmo is controlled to range from 
approximately 2.8: 1 to approximately 3.2: 1 H2 to CO. / 

4708. The method of claim 4699, further comprising providing at least a portion of the 
produced blended synthesis gas to a condensable hydrocarbon synthesis process to 
produce condensable hydrocarbons. / 

4709. The method of claim 4708, wherein th£ condensable hydrocarbon synthesis 
process comprises a Fischer- Tropsch process. 

4710. The method of claim 4709, further comprising cracking at least a portion of the 
condensable hydrocarbons to form midale distillates. 

471 1 . The method of claim 4699, rarther comprising providing at least a portion of the 
produced blended synthesis gas to k catalytic methanation process to produce methane. 

4712. The method of claim 4699, further comprising providing at least a portion of the 
produced blended synthesis gas to a methanol-synthesis process to produce methanol. 

4713. The method of claim #699, further comprising providing at least a portion of the 
produced blended synthesis gas to a gasoline-synthesis process to produce gasoline. 

4714. The method of claim 4699, wherein removing a portion of the second synthesis 
gas comprises w'ithdraw'mg second synthesis gas through a production well, wherein a 
temperature of the production well adjacent to a second syntheses gas production zone is 
maintained at a substantially constant temperature configured to produce second 
synthesis gas having the H 2 to CO ratio greater the first synthesis gas. 
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4715. The method of claim 4699. wherein the first synthesis g&s producing fluid 
comprises CO2 and wherein the temperature of the first portic/n is at a temperature that 
will result in conversion of CO2 and carbon from the first portion to CO to generate a CO 
rich first synthesis gas. 
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471 6. The method of claim 4699 ; wherein the secojad synthesis gas producing fluid 
comprises water and hydrocarbons having carbon lumbers less than 5. and wherein at 
least a portion of the hydrocarbons react within the formation to increase a H: 
concentration within the produced second synthesis gas. 
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4717. The method of claim 4699 r wherein/blending a portion of the first synthesis gas 
with a portion of the second synthesis gasycomprises producing an intermediate mixture 
having a H 2 to CO mixture of less than t#e selected ratio, and subjecting the intermediate 
mixture to a shift reaction to reduce an Amount of CO and increase an amount of H 2 to 
produce the selected ratio of H2 to C( 

471 8. The method of claim 4699,/further comprising removing an excess of first 
synthesis gas from the first portioA to have an excess of CO, subjecting the first synthesis 
gas to a shift reaction to reduce fn amount of CO and increase an amount of H 2 before 
blending the first synthesis gas with the second synthesis gas. 



4719. The method of claim/4699, 
from the formation under pressure, 
turbine to generate electricity 



further comprising removing the first synthesis gas 
and passing removed first synthesis gas through a 



4720. The method of c/aim 4699. further comprising removing the second synthesis gas 
from the formation linger pressure, and passing removed second synthesis gas through a 
turbine to generate electricity. 



30 
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4721. The method of claim 4699 r further comprising generating electricity from the 
blended synthesis gas using a fuel cell. / 

4722. The method of claim 4699 ; further comprising generating electricity from the 
blended synthesis gas using a fuel cell, separating carbon dioxide from a fluid exiting the 
fuel cell, and storing a portion of the separated carbon dioxipe within a spent portion of 
the formation. / 

4723. The method of claim 4699, further comprising using at least a portion of the 
blended synthesis gas as a combustion fuel for heatingAhe formation. 

4724. The method of claim 4699 ; further comprisii/g allowing the heat to transfer from 
the one or more heat sources to the selected section to substantially uniform!}' increase a 
permeability of the selected section. / 

4725. The method of claim 4699 ; further comprising controlling heat transfer from the 
one or more heat sources to produce a permeability within the selected section of greater 
than about 100 millidarcy. / 

4726. The method of claim 4699 ; fiirthtf comprising heating at least the portion of the 
selected section when providing the synthesis gas generating fluid to inhibit temperature 
decrease within the selected section dijfring synthesis gas generation. 

4727. The method of claim 4699, ' 
gas generation is within a range fro] 

4728. The method of claim 4699/ wherein heating the first a portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 

heating zones adjacent to/wellbores of one or more heat sources with heaters 
disposed in the wellbores, where/in the heaters are configured to raise temperatures of the 
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lerein the temperature sufficient to allow synthesis 
approximately 400 °C to approximately 1200 °C. 



zones to temperatures sufficient to support reaction of hydrocarbon material within the 
zones with an oxidizing fluid; 

introducing the oxidizing fluid to the zones substantially by diffusion; 

allowing the oxidizing fluid to react with at least a pfortion of the hydrocarbon 
material within the zones to produce heat in the zones; an^ 
transferring heat from the zones to the selected section 

4729. The method of claim 4699 ; wherein heating tMe second portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 

heating zones adjacent to wellbores of one>or more heat sources with heaters 
disposed in the wellbores, wherein the heaters arer configured to raise temperatures of the 
zones to temperatures sufficient to support reacyon of hydrocarbon material within the 
zones with an oxidizing fluid; 

introducing the oxidizing fluid to the ^ones substantially by diffusion; 

allowing the oxidizing fluid to react with at least a portion of the hydrocarbon 
material within the zones to produce heat in the zones; and 
transferring heat from the zones to the selected section. 

4730. The method of claim 4699, whe/ein heating the first portion of the selected 
section to a temperature sufficient to aMow synthesis gas generation comprises: 

introducing an oxidizing fluid Anto the formation through a wellbore; 

transporting the oxidizing flu/d substantially by convection into the first portion 
of the selected section, wherein the first portion of the selected section is at a temperature 
sufficient to support an oxidizationffeaction with the oxidizing fluid; and 

reacting the oxidizing fluid/ within the first portion of the selected section to 
generate heat and raise the temperature of the first portion. 

473 1 . The method of claim 469P, wherein heating the second portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 

introducing an oxidizing fluid into the formation through a wellbore; 
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transporting the oxidizing fluid substantially by convention into the second 
portion of the selected section, wherein the second portion/of the selected section is at a 
temperature sufficient to support an oxidization reaction/with the oxidizing fluid; and 

reacting the oxidizing fluid within the second t/ortion of the selected section to 
5 generate heat and raise the temperature of the seconq portion. 

4732. The method of claim 4699, wherein the erne or more heat sources comprise one or 
more electrical heaters disposed in the formation. 

1 0 4733 . The method of claim 4699, wherei/i the one or more heat sources comprises one 
or more natural distributor combustors. 



~ 15 



4734. The method of claim 4699, wherein the one or more heat sources comprise one or 
more heater wells, wherein at least one heater well comprises a conduit disposed within 
the formation, and further compri/ing heating the conduit by flowing a hot fluid through 
the conduit. 



20 



4735. The method of claim 4699, wherein heating the first portion of the selected 
section to a temperature sufficient to allow synthesis gas generation and providing a first 
synthesis gas generating fluid to the first portion of the selected section comprises 
introducing steam into the first portion. 



4736. The method ofyfclaim 4699, wherein heating the second portion of the selected 
section to a temperature sufficient to allow synthesis gas generation and providing a 
second synthesis gatf generating fluid to the second portion of the selected section 
comprises introducing steam into the second portion. 



30 



4737. The methdd of claim 4699, further comprising controlling the heating of the first 
portion of selected section and provision of the first synthesis gas generating fluid to 
maintain a temperature within the first portion of the selected section above the 
temperature sufficient to generate synthesis gas. 
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4738. The method of claim 4699, further comprising controlLmg the heating of the 
second portion of selected section and provision of the second synthesis gas generating 
fluid to maintain a temperature within the second portion m the selected section above 
the temperature sufficient to generate synthesis gas. / 

4739. The method of claim 4699, wherein the first/synthesis gas generating fluid 
comprises liquid water. / 

4740. The method of claim 4699. wherein the^second synthesis gas generating fluid 
comprises liquid water. / 

4741 . The method of claim 4699, wherein the first synthesis gas generating fluid 
comprises steam. / 

4742. The method of claim 4699, wbferein the second synthesis gas generating fluid 
comprises steam. / 

4743. The method of claim 4699, wherein the first synthesis gas generating fluid 
comprises water and carbon dioxide, wherein the carbon dioxide inhibits production of 
carbon dioxide from the selected section. 

4744. The method of clainy4743, wherein a portion of the carbon dioxide within the 
first synthesis gas generating fluid comprises carbon dioxide removed from the 
formation. / 

4745. The method of c/aim 4699, wherein the second synthesis gas generating fluid 
comprises water and carbon dioxide, wherein the carbon dioxide inhibits production of 
carbon dioxide from toe selected section. 
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4746. The method of claim 4745 ; wherein a portion of the/carbon dioxide within the 
second synthesis gas generating fluid comprises carbon dfcxide removed from the 
formation. / 

4747. The method of claim 4699, wherein the firs/synthesis gas generating fluid 
comprises carbon dioxide, and wherein a portion of the carbon dioxide reacts with carbon 
in the formation to generate carbon monoxide. / 

4748. The method of claim 4747. wherein ^portion of the carbon dioxide within the 
first synthesis gas generating fluid comprises carbon dioxide removed from the 
formation. / 

4749. The method of claim 4699. whferein the second synthesis gas generating fluid 
comprises carbon dioxide, and wherein a portion of the carbon dioxide reacts with carbon 
in the formation to generate carboiy monoxide. 

4750. The method of claim 4749, wherein a portion of the carbon dioxide within the 
second synthesis gas generating fluid comprises carbon dioxide removed from the 
formation. / 

475 1 . The method of claim 4699, wherein providing the first synthesis gas generating 
fluid to the first portion of/the selected section comprises raising a water table of the 
formation to allow water Lo flow into the first portion of the selected section. 

4752. The method of Claim 4699, wherein providing the second synthesis gas generating 
fluid to the second pomion of the selected section comprises raising a water table of the 
formation to allow witer to flow into the second portion of the selected section. 

4753. The method/of claim 4699, wherein the first synthesis gas generating fluid 
comprises water ana hydrocarbons having carbon numbers less than 5, and wherein at 
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least a portion of the hydrocarbons are subjected to a reactipn within the first portion of 
the selected section to increase a Ho concentration within/the produced first synthesis gas. 

4754. The method of claim 4699. wherein the seconds synthesis gas generating fluid 
5 comprises water and hydrocarbons having carbon numbers less than 5. and wherein at 
least a portion of the hydrocarbons are subjected toil reaction within the second portion 
of the selected section to increase a H2 concentration within the produced second 
synthesis gas. / 

10 4755. The method of claim 4699, wherein the first synthesis gas generating fluid 

comprises water and hydrocarbons having carbon numbers greater than 4. and wherein at 
least a portion of the hydrocarbons react wimin the first portion of the selected section to 
increase an energy content of the produced/ first synthesis gas. 

y* 15 4756. The method of claim 4699. wherein the second synthesis gas generating fluid 

j=? comprises water and hydrocarbons hayng carbon numbers greater than 4. and wherein at 

jM* least a portion of the hydrocarbons react within at least the second portion of the selected 

JL section to increase an energy conteny of the second produced synthesis gas. 

zza J 

f4» / 

r>™ ; / 

% 20 4757. The method of claim 4699/further comprising maintaining a pressure within the 
formation during synthesis gas generation, and passing produced blended synthesis gas 
through a turbine to generate electricity. 

4758. The method of claim 4699, further comprising generating electricity from the 
25 blended synthesis gas using a/fuel cell. 

4759. The method of claim 4699, further comprising generating electricity from the 
blended synthesis gas using a fuel cell, separating carbon dioxide from a fluid exiting the 
fuel cell, and storing a portion of the separated carbon dioxide within a spent section of 

30 the formation. / 
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4760. The method of claim 4699, further comprising using a portion of the blended 
synthesis gas as a combustion fuel for the one or moreheat sources. 

4761 . The method of claim 4699. further comprising using a portion of the first 
synthesis gas as a combustion fuel for the one or/more heat sources. 

4762. The method of claim 4699, further comprising using a portion of the second 
synthesis gas as a combustion fuel for the out or more heat sources. 

4763. The method of claim 4699, further comprising using a portion of the blended 
synthesis gas as a combustion fuel for the one or more heat sources. 

4764. A method of treating a coal formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation such that the heat from the one or more heat sources pyrolyzes at 
least some of the hydrocarbons within the selected section of the formation; 

producing pyrolysis products from the formation; 

heating at least a portion <ff the selected section to a temperature sufficient to 
generate synthesis gas; 

controlling a temperatur^ of at least a portion of the selected section to generate 
synthesis gas having a selected H2 to CO ratio; 

providing a synthesis gis generating fluid to at least the portion of the selected 
section to generate synthesis gas; and 

producing a portion of/ the synthesis gas from the formation. 



4765. The method of claim M764, wherein the one or more heat sources comprise at 
least two heat sources, and Wherein superposition of heat from at least the two heat 
sources pyrolyzes at least stjme hydrocarbons within the selected section of the 
formation. 
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4766. The method of claim 4764. wherein the selected ratio is controlled to be 
approximately 2:1 H2 to CO. / 

4767. The method of claim 4764 ; wherein the selected ratio i/ controlled to range from 
approximately 1.8:1 to approximately 2.2:1 I-bto CO. / 

4768. The method of claim 4764 r wherein the selected ratio is controlled to be 
approximately 3:1 H2 to CO. / 

4769. The method of claim 4764 ; wherein the selected ratio is controlled to range from 
approximately 2.8:1 to approximately 3.2:1 H:to CO J 

4770. The method of claim 4764, further comprising providing at least a portion of the 
produced synthesis gas to a condensable hydrocamon synthesis process to produce 
condensable hydrocarbons. / 

4771 . The method of claim 4770 : wherein the Condensable hydrocarbon synthesis 
process comprises a Fischer-Tropsch process. / 

4772. The method of claim 477 1 , further comprising cracking at least a portion of the 
condensable hydrocarbons to form middle distillates. 

4773. The method of claim 4764. furthefr comprising providing at least a portion of the 
produced synthesis gas to a catalytic meihanation process to produce methane. 

4774. The method of claim 4764 ? further comprising providing at least a portion of the 
produced synthesis gas to a methanowsynthesis process to produce methanol. 

4775. The method of claim 4764 ; mrther comprising providing at least a portion of the 
produced synthesis gas to a gasoline-synthesis process to produce gasoline. 
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4776. The method of claim 4764. further comprising flowing the heat to transfer from 
the one or more heat sources to the selected section to/substantially uniformly increase a 
permeability of the selected section. / 

4777. The method of claim 4764. further comprising controlling heat transfer from the 
one or more heat sources to produce a permeability within the selected section of greater 
than about 100 millidarcy. / 

4778. The method of claim 4764 ; further comprising heating at least the portion of the 
selected section when providing the synthesis gas generating fluid to inhibit temperature 
decrease within the selected section during synthesis gas generation. 

4779. The method of claim 4764, whetfein the temperature sufficient to allow synthesis 
gas generation is within a range from approximately 400 °C to approximately 1200 °C. 

4780. The method of claim 4764, Wherein heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 

heating zones adjacent to wbllbores of one or more heat sources with heaters 
disposed in the wellbores, wherein the heaters are configured to raise temperatures of the 
zones to temperatures sufficient to support reaction of hydrocarbon material within the 
zones with an oxidizing fluid; / 

introducing the oxidizing fluid to the zones substantially by diffusion; 

allowing the oxidizingffluid to react with at least a portion of the hydrocarbon 
material within the zones to produce heat in the zones; and 

transferring heat from the zones to the selected section. 

478 1 . The method of claim 4764 ; wherein heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 

introducing an oxidizing fluid into the formation through a wellbore: 
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transporting the oxidizing fluid substantially by convection into the portion of the 
selected section, wherein the portion of the selected section is at a temperature sufficient 
to support an oxidization reaction with the oxidizing fluia; and 

reacting the oxidizing fluid* within the portion oythe selected section to generate 
heat and raise the temperature of the portion. / 

4782. The method of claim 4764 ; wherein the one ©r more heat sources comprise one or 
more electrical heaters disposed in the formation. / 

4783. The method of claim 4764 ; wherein the one or more heat sources comprises one 
or more natural distributor combustors. / 

4784. The method of claim 4764 ; wherein the one or more heat sources comprise one or 
more heater wells, wherein at least one heater well comprises a conduit disposed within 
the formation, and further comprising heating the conduit by flowing a hot fluid through 
the conduit. / 

4785. The method of claim 4764 ; whertin heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation and providing a 
synthesis gas generating fluid to at leait the portion of the selected section comprises 
introducing steam into the portion. / 

4786. The method of claim 4764. further comprising controlling the heating of at least 
the portion of selected section and provision of the synthesis gas generating fluid to 
maintain a temperature within at Least the portion of the selected section above the 
temperature sufficient to generate synthesis gas. 

4787. The method of claim 47/64, wherein the synthesis gas generating fluid comprises 
liquid water. / 
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4788. The method of claim 4764. wherein the synthesis gas generating fluid comprises 
steam. / 



4789. The method of claim 4764. wherein the synthesis gas generating fluid comprises 
water and carbon dioxide, wherein the carbon dioxide inhibits production of carbon 
dioxide from the selected section. 

4790. The method of claim 4789, wherein a /portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 



O 

m 

O 
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4791 . The method of claim 4764 ; whereih the synthesis gas generating fluid comprises 
carbon dioxide, and wherein a portion of/the carbon dioxide reacts with carbon in the 
formation to generate carbon monoxic 

4792. The method of claim 479 L wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid compnses carbon dioxide removed from the formation. 

4793. The method of claim 47647wherein providing the synthesis gas generating fluid 
to at least the portion of the selected section comprises raising a water table of the 
formation to allow water to flow^nto the at least the portion of the selected section. 

4794. The method of claim 47(64, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers less than 5, and wherein at least a 
portion of the hydrocarbons are subjected to a reaction within at least the portion of the 
selected section to increase a/H: concentration within the produced synthesis gas. 



30 



4795. The method of clainjl 4764 ; wherein the synthesis gas generating fluid comprises 
water and hydrocarbons h^ing carbon numbers greater than 4 ; and wherein at least a 
portion of the hydrocarbons react within at least the portion of the selected section to 
increase an energy contenl of the produced synthesis gas. 
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4796. The method of claim 4764. further comprising maintaining a pressure within the 
formation during synthesis gas generation, and passingyproduced synthesis gas through a 
turbine to generate electricity. 

4797. The method of claim 4764. further compris/ng generating electricity from the 
synthesis gas using a fuel cell. 

4798. The method of claim 4764. further comprising generating electricity from the 
synthesis gas using a fuel cell, separating carbfon dioxide from a fluid exiting the fuel cell 
and storing a portion of the separated carboy dioxide within a spent section of the 
formation. 

4799. The method of claim 4764. further comprising using a portion of the synthesis gas 
as a combustion fuel for the one or more heat sources. 

4800. A method of treating a coal formation in situ, comprising: 
providing heat from one or n/ore heat sources to at least a portion of the 

formation; 

allowing the heat to transfd- from the one or more heat sources to a selected 
section of the formation such that/the heat from the one or more heat sources pyrolyzes at 
least some hydrocarbons within me selected section of the formation; 

producing pyrolysis products from the formation; 

heating at least a portiop of the selected section to a temperature sufficient to 
generate synthesis gas: 

controlling a temperature in or proximate to a synthesis gas production well to 
generate synthesis gas having a selected H2 to CO ratio; 

providing a synthesis gas generating fluid to at least the portion of the selected 
section to generate synthesis gas: and 

producing synthesis gas from the formation. 
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4801 . The method of claim 4800, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

5 

4802. The method of claim 4800. wherein the select/d ratio is controlled to be 
approximately 2:1 I-btoCO, 

4803. The method of claim 4800, wherein the se/ected ratio is controlled to range from 
10 approximately 1.8:1 to approximately 2.2:1 H:to CO. 

4804. The method of claim 4800, wherein th/ selected ratio is controlled to be 
approximately 3:1 l-Mo CO. 



PA 



h 15 4805. The method of claim 4800. whereirt the selected ratio is controlled to range from 



e : 
pa 



approximately 2.8:1 to approximately 3.2:1 H2to CO. 

4806. The method of claim 4800, further comprising providing at least a portion of the 
rU produced synthesis gas to a condensable hydrocarbon synthesis process to produce 
p 20 condensable hydrocarbons. 

4807. The method of claim 4806Ywherein the condensable hydrocarbon synthesis 
process comprises a Fischer- Tropsch process. 

25 4808. The method of claim 4807, further comprising cracking at least a portion of the 
condensable hvdrocarbons to form middle distillates. 
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4809. The method of claim 4800, ftirther comprising providing at least a portion of the 
produced synthesis gas to a Jatalytic methanation process to produce methane. 



898 



Conlev Rose & Tayon. P C 



481 0. The method of claim 4800, further comprising providing at least a portion of the 
produced synthesis gas to a methanol-synthesis process tor produce methanol. 

481 1 . The method of claim 4800, further comprising; providing at least a portion of the 
5 produced synthesis gas to a gasoline-synthesis process to produce gasoline. 

4812. The method of claim 4800, further comprising allowing the heat to transfer from 
the one or more heat sources to the selected section to substantially uniformly increase a 
permeability of the selected section. / 

10 / 

481 3. The method of claim 4800, further/comprising controlling heat transfer from the 

one or more heat sources to produce a permeability within the selected section of greater 

yp than about 1 00 millidarcy. / 

~= / 

^15 4814. The method of claim 4800. fiirther comprising heating at least the portion of the 

rj / 

p selected section when providing the/synthesis gas generating fluid to inhibit temperature 

^ decrease within the selected section during synthesis gas generation. 

si / 

p / 

pjl 4815. The method of claim 4800, wherein the temperature sufficient to allow synthesis 
*f 20 gas generation is within a range from approximately 400 °C to approximately 1200 °C. 

48 1 6. The method of claim #800, wherein heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 

heating zones adjacent to wellbores of one or more heat sources with heaters 
25 disposed in the wellboresVwherein the heaters are configured to raise temperatures of the 
zones to temperatures sufficient to support reaction of hydrocarbon material within the 
zones with an oxidizing /fluid; 

introducing the oxidizing fluid to the zones substantially by diffusion; 

allowing the oxidizing fluid to react with at least a portion of the hydrocarbon 
30 material within the zones to produce heat in the zones; and 
transferring heat from the zones to the selected section. 
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481 7. The method of claim 4800, wherein heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 

introducing an oxidizing fluid into the formation through a wellbore: 
transporting the oxidizing fluid substantially by convection into the portion of the 

selected section, wherein the portion of the selected sectiofi is at a temperature sufficient 

to support an oxidization reaction with the oxidizing fluicl; and 

reacting the oxidizing fluid within the portion of/the selected section to generate 

heat and raise the temperature of the portion. / 

48 1 8. The method of claim 4800, wherein the one orf more heat sources comprise one or 
more electrical heaters disposed in the formation. / 

48 1 9. The method of claim 4800, wherein the one/or more heat sources comprises one 
or more natural distributor combustors. / 

4820. The method of claim 4800, wherein the one or more heat sources comprise one or 
more heater wells, wherein at least one heater well comprises a conduit disposed within 
the formation, and further comprising heatingythe conduit by flowing a hot fluid through 
the conduit. / 

4821 . The method of claim 4800, whereirt heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation and providing a 
synthesis gas generating fluid to at leastythe portion of the selected section comprises 
introducing steam into the portion. / 

4822. The method of claim 4800, further comprising controlling the heating of at least 
the portion of selected section and provision of the synthesis gas generating fluid to 
maintain a temperature within at leapt the portion of the selected section above the 
temperature sufficient to generate Synthesis gas. 
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4823. The method of claim 4800, wherein the synthesis gas generating fluid comprises 
liquid water. 

4824. The method of claim 4800 ; wherein the synthesis gas generating fluid comprises 
5 steam. 

4825. The method of claim 4800, wherein th/ synthesis gas generating fluid comprises 
water and carbon dioxide. 

1 0 4826. The method of claim 4825 ; whereih a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises/carbon dioxide removed from the formation. 
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4827. The method of claim 4800 ; whferein the synthesis gas generating fluid comprises 
carbon dioxide, and wherein a portion of the carbon dioxide reacts with carbon in the 
formation to generate carbon monox/de. 

4828. The method of claim 4827 ; Avherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation, 

4829. The method of claim 48Q0 ; wherein providing the synthesis gas generating fluid 
to at least the portion of the selected section comprises raising a water table of the 
formation to allow water to flow into the at least the portion of the selected section. 



4830. The method of claim 4800 ; wherein the synthesis gas generating fluid comprises 
water and hydrocarbons havifag carbon numbers less than 5. and wherein at least a 
portion of the hydrocarbons/are subjected to a reaction within at least the portion of the 
selected section to increase/a H2 concentration within the produced synthesis gas. 



483 1 . The method of claim 4800, wherein the synthesis gas generating fluid comprises 
30 water and hydrocarbons Having carbon numbers greater than 4. and wherein at least a 
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portion of the hydrocarbons react within at least the portioja of the selected section to 
increase an energy content of the produced synthesis ga 

4832. The method of claim 4800. further comprising maintaining a pressure within the 
formation during synthesis gas generation, and parsing produced synthesis gas through a 
turbine to generate electricity. 

4833. The method of claim 4800, further cg&iprising generating electricity from the 
synthesis gas using a fuel cell. 

4834. The method of claim 4800, further comprising generating electricity from the 
synthesis gas using a fuel cell, separating carbon dioxide from a fluid exiting the fuel cell : 
and storing a portion of the separated/carbon dioxide within a spent section of the 
formation. 

4835. The method of claim 480tf ; further comprising using a portion of the synthesis gas 
as a combustion fuel for the on&or more heat sources. 



4836. A method of treating a coal formation in situ, comprising: 

providing heat from^ne or more heat sources to at least a portion of the 
formation; 

allowing the heatio transfer from the one or more heat sources to a selected 
section of the formation/such that the heat from the one or more heat sources pyrolyzes at 
least some of the hydrocarbons within the selected section of the formation; 

producing pyrolysis products from the formation; 

heating at leafet a portion of the selected section to a temperature sufficient to 
generate synthesis gas; 

controlling temperature of at least a portion of the selected section to generate 
synthesis gas having a H 2 to CO ratio different than a selected H 2 to CO ratio; 

providing a synthesis gas generating fluid to at least the portion of the selected 
section to generate synthesis gas; and 



\ 
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producing synthesis gas from the formation; 

providing at least a portion of the produced synthesis gas to a shift process 
wherein an amount of carbon monoxide is converted to carbon dioxide; 

separating at least a portion of the carbon dioxide to obtain a gas having a selected 
5 H 2 to CO ratio. 

4837. The method of claim 4836. wherein the on^ or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 

10 formation. 

4838. The method of claim 4836 ; wherei/ the selected ratio is controlled to be 



% B approximately 2:1 H: to CO. 

IB 

^7 15 4839. The method of claim 4836. wh4rein the selected ratio is controlled to range from 

S 3 

fjl approximately 1.8:1 to 2.2:1 H2to Cf 
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4840. The method of claim 4836/ wherein the selected ratio is controlled to be 
approximately 3:1 H:to CO. 

4841 . The method of claim 4^36. wherein the selected ratio is controlled to range from 
approximately 2.8:1 to 3.2:1 H 2 to CO. 



4842. The method of claich 4836, further comprising providing at least a portion of the 
25 produced synthesis gas to/a condensable hydrocarbon synthesis process to produce 
condensable hvdrocarbons. 



30 



4843. The method of cflaim 4842, wherein the condensable hydrocarbon synthesis 
process comprises a Fischer- Tropsch process. 
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4844. The method of claim 4843. further comprising cracking at least a portion of the 
condensable hydrocarbons to form middle distillates. / 

4845. The method of claim 4836. further comprising providing at least a portion of the 
produced synthesis gas to a catalytic methanation process to produce methane. 

4846. The method of claim 4836, further composing providing at least a portion of the 
produced synthesis gas to a methanol-synthesis^rocess to produce methanol. 

4847. The method of claim 4836, further comprising providing at least a portion of the 
produced synthesis gas to a gasoline-synthesis process to produce gasoline. 

4848. The method of claim 4836, furthei/comprising allowing the heat to transfer from 
the one or more heat sources to the selecyed section to substantially uniformly increase a 
permeability of the selected section. / 

4849. The method of claim 4836, fumher comprising controlling heat transfer from the 
one or more heat sources to produce a permeability within the selected section of greater 
than about 100 millidarcy. / 

4850. The method of claim 483& further comprising heating at least the portion of the 
selected section when providing the synthesis gas generating fluid to inhibit temperature 
decrease within the selected section during synthesis gas generation. 

485 1 . The method of claim 4836, wherein the temperature sufficient to allow synthesis 
gas generation is within a range from approximately 400 °C to approximately 1200 °C. 

4852. The method of claiifi 4836, wherein heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 

heating zones adjacent to wellbores of one or more heat sources with heaters 
disposed in the wellbores! wherein the heaters are configured to raise temperatures of the 
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zones to temperatures sufficient to support reaction of hydrocarbon material within the 
zones with an oxidizing fluid; / 

introducing the oxidizing fluid to the zones substantially by diffusion; 

allowing the oxidizing fluid to react with at leas/a portion of the hydrocarbon 
material within the zones to produce heat in the zones; and 
transferring heat from the zones to the selected section. 

4853. The method of claim 4836, wherein hea/ing at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 

introducing an oxidizing fluid into me formation through a wellbore: 
transporting the oxidizing fluid substantially by convection into the portion of the 

selected section, wherein the portion of me selected section is at a temperature sufficient 

to support an oxidization reaction with/the oxidizing fluid; and 

reacting the oxidizing fluid Wthin the portion of the selected section to generate 

heat and raise the temperature of thp portion. 

4854. The method of claim 4836, wherein the one or more heat sources comprise one or 
more electrical heaters disposed in the formation. 

4855. The method of clainr 4836, wherein the one or more heat sources comprises one 
or more natural distributor/combustors. 

4856. The method of c/aim 4836, wherein the one or more heat sources comprise one or 
more heater wells, wherein at least one heater well comprises a conduit disposed within 
the formation, and further comprising heating the conduit by flowing a hot fluid through 
the conduit. / 

4857. The method of claim 4836, wherein heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation and providing a 
synthesis gas generating fluid to at least the portion of the selected section comprises 
introducing steam into the portion. 
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4858. The method of claim 4836, further comprising controlling the heating of at least 
the portion of selected section and provision of the synthesis gas generating fluid to 
maintain a temperature within at least the portion pf the selected section above the 

5 temperature sufficient to generate synthesis gas. 

4859. The method of claim 4836, wherein tl/e synthesis gas generating fluid comprises 
liquid water. 

10 4860. The method of claim 4836, where/n the synthesis gas generating fluid comprises 
steam. 



15 



4861. The method of claim 4836, wWerein the synthesis gas generating fluid comprises 
water and carbon dioxide, wherein tl/e carbon dioxide inhibits production of carbon 
dioxide from the selected section. 



H3 
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4862. The method of claim 486 y, wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 

4863. The method of claim 4836, wherein the synthesis gas generating fluid comprises 
carbon dioxide, and wherein ^portion of the carbon dioxide reacts with carbon in the 
formation to generate carbon monoxide. 



4864, The method of claim 4863, wherein a portion of the carbon dioxide within the 
25 synthesis gas generating fluid comprises carbon dioxide removed from the formation. 



30 



4865. The method of claim 4836, wherein providing the synthesis gas generating fluid 
to at least the portion of me selected section comprises raising a water table of the 
formation to allow wate? to flow into the at least the portion of the selected section. 
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4866. The method of claim 4836, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers less than 5. and wherein at least a 
portion of the hydrocarbons are subjected to a reaction wirain at least the portion of the 
selected section to increase a Fh concentration within the/produced synthesis gas. 

4867. The method of claim 4836, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers greafter than 4. and wherein at least a 
portion of the hydrocarbons react within at least thef portion of the selected section to 
increase an energy content of the produced synthesis gas. 

4868. The method of claim 4836, further comprising maintaining a pressure within the 
formation during synthesis gas generation, ancjf passing produced synthesis gas through a 
turbine to generate electricity. 



in 



15 4869. The method of claim 4836, further /omprising generating electricity from the 
synthesis gas using a fuel cell. 
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4870. The method of claim 4836, further comprising generating electricity from the 
synthesis gas using a fuel cell separating carbon dioxide from a fluid exiting the fuel cell, 
and storing a portion of the separated jcarbon dioxide within a spent section of the 
formation. 



25 
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4871. The method of claim 4836, further comprising using a portion of the synthesis gas 
as a combustion fuel for the one or more heat sources. 

4872. A method of forming a spent portion of formation within a coal formation, 
comprising: 

heating a first portion off the formation to pyrolyze hydrocarbons within the first 
portion and to establish a substantially uniform permeability within the first portion; and 
cooling the first portion. 
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4873. The method of claim 4872. wherein heating the first /ortion comprises 
transferring heat to the first portion from one or more electrical heaters. 

4874. The method of claim 4872, wherein heating W first portion comprises 

5 transferring heat to the first portion from one or more natural distributor combustors. 

4875. The method of claim 4872 ; wherein heating the first portion comprises 
transferring heat to the first portion from one or/more flameless distributor combustors. 

10 4876. The method of claim 4872. wherein heating the first portion comprises 

transferring heat to the first portion from h^at transfer fluid flowing within one or more 
wellbores within the formation. 
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4877. The method of claim 4876, wherein the heat transfer fluid comprises steam. 

4878. The method of claim 4876, ^herein the heat transfer fluid comprises combustion 
products from a burner. 



4879. The method of claim 4872, wherein heating the first portion comprises 
Q 20 transferring heat to the first portion from at least two heater wells positioned within the 
formation, wherein the at leadst two heater wells are placed in a substantially regular 
pattern, wherein the substantially regular pattern comprises repetition of a base heater 
unit, and wherein the base/heater unit is formed of a number of heater wells. 

25 4880. The method of daim 4879, wherein a spacing between a pair of adjacent heater 
wells is within a rangepom about 6 m to about 1 5 m. 

4881 . The method ok claim 4879, further comprising removing fluid from the formation 
through one or more/production wells. 

30 
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4882. The method of claim. 4881, wherein the one or more production wells are located 
in a pattern, and wherein the one or more production wells ire positioned substantially at 
centers of base heater units. / 



5 4883. The method of claim 4879. wherein the heate/ unit comprises three heater wells 
positioned substantially at apexes of an equilateral triangle. 

4884. The method of claim 4879. wherein the heater unit comprises four heater wells 
positioned substantially at apexes of a rectangle. 

4885. The method of claim 4879 ; wherein the heater unit comprises five heater wells 
positioned substantially at apexes of a regular pentagon. 

4886. The method of claim 4879. wherein the heater unit comprises six heater wells 
15 positioned substantially at apexes ofVa regular hexagon. 

4887. The method of claim 487^( further comprising introducing water to the first 
portion to cool the formation. 



*p 20 4888. The method of claim f 872. further comprising removing steam from the 

O 

e " s " formation. 



4889. The method of claim 4888, further comprising using a portion of the removed 
steam to heat a second portion of the formation. 



25 



4890. The method of/claim 4872, further comprising removing pyrolyzation products 
from the formation. 

4891 . The method/of claim 4872 ; further comprising generating synthesis gas within the 
30 portion by introducing a synthesis gas generating fluid into the portion, and removing 

synthesis gas from the formation. 
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4892. The method of claim 4872. further comprising heating a second section of the 
formation to pyrolyze hydrocarbons within the second portion, removing pyrolyzation 
fluid from the second portion, and storing a portion of the removed pyrolyzation fluid 
within the first portion. / 

4893. The method of claim 4892, wherein the portifon of the removed pyrolyzation fluid 
is stored within the first portion when surface facilities that process the removed 
pyrolyzation fluid are not able to process the port/on of the removed pyrolyzation fluid. 

4894. The method of claim 4892, further comprising heating the first portion to 
facilitate removal of the stored pyrolyzation nuid from the first portion. 

4895. The method of claim 4872 ; further comprising generating synthesis gas within a 
second portion of the formation, removing synthesis gas from the second portion, and 
storing a portion of the removed synthes/s gas within the first portion. 

4896. The method of claim 4895, wherein the portion of the removed synthesis gas from 
the second portion are stored within pe first portion when surface facilities that process 
the removed synthesis gas are not able to process the portion of the removed synthesis 
gas. / 

4897. The method of claim 48y5, further comprising heating the first portion to 
facilitate removal of the stored Synthesis gas from the first portion. 

4898. The method of claim 4872, further comprising removing at least a portion of 
carbon containing material irt the first portion. 

4899. The method of claiin 4898, further comprising using at least a portion of the 
carbon containing material removed from the formation in a metallurgical application. 
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4900. The method of claim 4899. wherein the metallurgical application comprises steel 
manufacturing. 

4901 . A method of sequestering carbon dioxide within a coal formation, comprising: 
5 heating a portion of the formation to increaseroermeability and form a 

substantially uniform permeability within the portiqri; 
allowing the portion to cool; and 
storing carbon dioxide within the portion/ 

10 4902. The method of claim 4901 . wherein th^ permeability of the portion is increased to 
over 100 millidarcy. 



03 
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4903. The method of claim 490 L further comprising raising a water level within the 
portion to inhibit migration of the carbon Dioxide from the portion. 

4904. The method of claim 490 L furtMer comprising heating the portion to release 
carbon dioxide, and removing carbon dioxide from the portion. 



4905. The method of claim 4901 , further comprising pyrolyzing hydrocarbons within 
20 the portion during heating of the portion, and removing pyrolyzation product from the 
formation. 



25 



4906. The method of claim 490 L further comprising producing synthesis gas from the 
portion during the heating of ttye portion, and removing synthesis gas from the formation. 

4907. The method of claim 4901. wherein heating the portion comprises: 

heating hydrocarbon material adjacent to one or more wellbores to a temperature 
sufficient to support oxidation of the hydrocarbon material with an oxidizing fluid; 
introducing the oxidizing fluid to hydrocarbon material adjacent to the one or 



30 more wellbores to oxidize 



lydrocarbons and produce heat; and 



conveying produced heat to the portion. 
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4908. The method of claim 4907, wherein heating hydrocarbon material adjacent to the 
one or more wells comprises electrically heating the hydrocacbon material. 

5 4909. The method of claim 4907. wherein the temperature sufficient to support 
oxidation is in a range between approximately 200°C to approximately 1200 °C. 

4910. The method of claim 4901. wherein heating thi portion comprises circulating heat 
transfer fluid through one or more heating wells within the formation. 



15 
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491 1 . The method of claim 491 0, wherein the he/t transfer fluid comprises combustion 
products from a burner.. 

491 2. The method of claim 491 0 ; wherein W heat transfer fluid comprises steam. 

4913. The method of claim 490 1 , further comprising removing fluid from the formation 
during heating of the formation, and combusting a portion of the removed fluid to 
generate heat to heat the formation. 



20 4914. The method of claim 490 1 , further comprising using at least a portion of the 
carbon dioxide for hydrocarbon bed ^emethanation prior to storing the carbon dioxide 
within the portion. 

491 5. The method of claim 4901/ further comprising using a portion of the carbon 
25 dioxide for enhanced oil recovery prior to storing the carbon dioxide within the portion. 

4916. The method of claim 49D1 . wherein at least a portion of the carbon dioxide 
comprises carbon dioxide generated in a fuel cell. 



30 4917. The method of claim 490 1 , wherein at least a portion of the carbon dioxide 
comprises carbon dioxide formed as a combustion product. 
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491 8. The method of claim 4901 . further comprising allowing/the portion to cool by 
introducing water to the portion; and removing the water from the formation as steam. 

5 491 9. The method of claim 491 8, further comprising ujlng the steam as a heat transfer 
fluid to heat a second portion of the formation. 
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4920. The method of claim 4901. wherein storing carbon dioxide in the portion 
comprises adsorbing carbon dioxide to carbon containing material within the formation. 

4921. The method of claim 490 1 , wherein /toring carbon dioxide comprises passing a 
first fluid stream comprising the carbon dioxide and other fluid through the portion: 
adsorbing carbon dioxide onto carbon containing material within the formation; and 
removing a second fluid stream from me formation, wherein a concentration of the other 
fluid in the second fluid stream is greater than concentration of other fluid in the first 
stream due to the absence of the ad/orbed carbon dioxide in the second stream. 

4922. The method of claim 4901 , wherein an amount of carbon dioxide stored within 
the portion is equal to or greater than an amount of carbon dioxide generated within the 
portion and removed from the formation during heating of the portion. 



is 



4923. The method of clqfm 4901, further comprising providing heat from three or more 
heat sources to at least a/portion of the formation, wherein three or more of the heat 
sources are located in trie formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 
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4924. The method of claim 4901 , further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 



over an area of 



he formation to form a repetitive pattern of units. 
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4925. A method of in situ sequestration of carbon dio^rae within a coal formation in 
situ, comprising: 

providing heat from one or more heat source^ to at least a first portion of the 
formation; 

allowing the heat to transfer from one orinore sources to a selected section of the 
formation such that the heat from the one or my6re heat sources pyrolyzes at least some 
hydrocarbons within the selected section of tMe formation; 

producing pyrolyzation fluids, wherein the pyrolyzation fluids comprise carbon 
dioxide; and 

storing an amount of carbon dioxfde in the formation, wherein the amount of 
stored carbon dioxide is equal to or gre/ter than an amount of carbon dioxide within the 
pyrolyzation fluids. 



4926. The method of claim 4925 Jwherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 



f = 20 4927. The method of claim/4925, wherein the carbon dioxide is stored within a spent 
portion of the formation. 



4928. The method of claim 4925, wherein a portion of the carbon dioxide stored within 
the formation is carbon dioxide separated from the pyrolyzation fluids. 

4929. The method oflclaim 4925 ; further comprising separating a portion of carbon 
dioxide from the pyrolyzation fluids, and using the carbon dioxide as a flooding agent in 
enhanced oil recovers*. 



30 4930. The method of claim 4925, further comprising separating a portion of carbon 
dioxide from the mTolyzation fluids, and using the carbon dioxide as a synthesis gas 
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generating fluid for the generation of synthesis gas from a section of the formation that is 
heated to a temperature sufficient to generate synthesis ga^ upon introduction of the 
synthesis gas generating fluid. 

493 1 . The method of claim 4925, further comprising/separating a portion of carbon 
dioxide from the pyrolyzation fluids, and using the c^&rbon dioxide to displace 
hydrocarbon bed methane. 



10 



4932. The method of claim 493 1 . wherein the hydrocarbon bed is a deep hydrocarbon 
bed located over 760 m below ground surface. 



4933. The method of claim 493 1 . further co/nprising adsorbing a portion of the carbon 
dioxide within the hydrocarbon bed. 



15 4934. The method of claim 4925. further comprising using at least a portion of the 
pyrolyzation fluids as a fesed stream for a fuel cell. 



20 



4935. The method of claim 4934, whbrein the fuel cell generates carbon dioxide, and 
further comprising storing an amountr of carbon dioxide equal to or greater than an 
amount of carbon dioxide generatecyby the fuel cell within the formation. 



25 



4936. The method of claim 4925/ wherein a spent portion of the formation comprises 
carbon containing material within a section of the formation that has been heated and 
from which hydrocarbons have Keen produced, and wherein the spent portion of the 
formation is at a temperature at/which carbon dioxide adsorbs onto the carbon containing 
material. 



30 



4937. The method of claim 4925. further comprising raising a water level within the 
spent portion to inhibit migration of the carbon dioxide from the portion. 
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4938. The method of claim 4'925. wherein producing fluids frc 
comprises removing pyrolyzation products from the formatioi/ 



the formation 



4939. The method of claim 4925. wherein producing flurcls from the formation 

5 comprises heating the selected section to a temperature Sufficient to generate synthesis 
gas; introducing a synthesis gas generating fluid into Jne selected section; and removing 
synthesis gas from the formation. 

4940. The method of claim 4939. wherein the temperature sufficient to generate 
10 synthesis gas ranges from about 400 °C to abom 1200 °C. 
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4941 . The method of claim 4939. whereiiY heating the selected section comprises 
introducing an oxidizing fluid into the selected section, reacting the oxidizing fluid within 
the selected section to heat the selected iection. 

4942. The method of claim 4939, Wherein heating the selected section comprises: 
heating hydrocarbon material adjacent to one or more wellbores to a temperature 

sufficient to support oxidation ofvthe hydrocarbon material with an oxidant: 

introducing the oxidant to hydrocarbon material adjacent to the one or more 
wellbores to oxidize hydrocarbons and produce heat; and 
conveying produced Meat to the portion. 



4943. The method of claim 4925. wherein the spent portion of the formation comprises 
a substantially uniform permeability created by heating the spent formation and removing 
fluid during formation of the spent portion. 

4944. The method qff claim 4925, wherein the one or more heat sources comprise 
electrical heaters. 



30 4945. The method of claim 4925, wherein the one or more heat sources comprise 
flameless distributor combustors. 
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4946. The method of claim 4945, wherein a portion of fuel for the one or more 
flameless distributor combustors is obtained from the formation. 

5 4947. The method of claim 4925. wherein the one oy more heat sources comprise heater 
wells in the formation through which heat transfer fluid is circulated. 

4948. The method of claim 4947, wherein the he§tt transfer fluid comprises combustion 
products. 



10 



4949. The method of claim 4947, wherein theAieat transfer fluid comprises steam. 



4950. The method of claim 4925, wherein obndensable hydrocarbons are produced 
under pressure, and further comprising generating electricity by passing a portion of the 
15 produced fluids through a turbine. 
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495 1 . The method of claim 4925, further comprising providing heat from three or more 
heat sources to at least a portion of they formation, wherein three or more of the heat 
sources are located in the formation \k a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

4952. The method of claim 4923, further comprising providing heat from three or more 
heat sources to at least a portion/of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangulay pattern, and wherein a plurality of the units are repeated 
over an area of the formation/to form a repetitive pattern of units. 



30 



4953 . A method for in sitt 
providing heat from 
formation; 



production of energy from a coal formation, comprising: 
one or more heat sources to at least a portion of the 
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allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation such that the heat from the one or more heat sources pyrolyzes at 
least a portion of hydrocarbons within the selected section of the formation: 

producing pyrolysis products from the formation; 

providing at least a portion of the pyrolysis products to a reformer to generate 
synthesis gas; 

producing the synthesis gas from the/eformer; 

providing at least a portion of the produced synthesis gas to a fuel cell to produce 
electricity, wherein the fuel cell produces a carbon dioxide containing exit stream; and 

storing at least a portion of the carbon dioxide in the carbon dioxide containing 
exit stream in a subsurface formation. 

4954. The method of claim 4953, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

4955. The method of claim 49^3 . wherein at least a portion of the pyrolysis products are 
used as fuel in the reformer. 

4956. The method of claim /l953 ; wherein the synthesis gas comprises carbon dioxide 
and H 2 . 

4957. The method of cla/m 4953, wherein the subsurface formation is a spent portion of 
the formation. 

4958. The method of jfclaim 4953, wherein the subsurface formation is an oil reservoir. 

4959. The method of claim 4958, wherein at least a portion of the carbon dioxide is used 
as a drive fluid for enhanced oil recovery in the oil reservoir. 
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4960. The method of claim 4953. wherein the subsurface formation is a second coal 
formation. / 

4961. The method of claim 4960. wherein the second coal formation is located greater 
than about 760 m below ground surface. / 

4962. The method of claim 4960 ; wherein at least a portion y6f the carbon dioxide is used 
to produce methane from the second coal formation. / 

4963. The method of claim 4962, further comprising sequestering at least a portion of 
the carbon dioxide within the second coal formation. / 

4964. The method of claim 4953, wherein the reformfer produces a reformer carbon 
dioxide containing exit stream. / 

4965. The method of claim 4963, further comprising storing at least a portion of the 
carbon dioxide in the reformer carbon dioxide containing exit stream in the subsurface 
formation. / 

4966. The method of claim 4965, wherein the Subsurface formation is a spent portion of 
the formation. * • / 

4967. The method of claim 4965, wherein tMe subsurface formation is an oil reservoir. 

4968. The method of claim 4967, wherein/at least a portion of the carbon dioxide in the 
reformer carbon dioxide containing exit st/eam is used as a drive fluid for enhanced oil 
recover}* in the oil reservoir. / 

4969. The method of claim 4965, wheribin the subsurface formation is a second coal 
formation. / 
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4970. The method of claim 4868 ; wherein at least a portion of the carbon dioxide in the 
reformer carbon dioxide containing exit stream is i^sed to produce methane from the 
second coal formation. 

5 4971 . The method of claim 4970. further comprising sequestering at least a portion of 
the carbon dioxide in the reformer carbon dioxide containing exit stream within the 
second coal formation. 

4972. The method of claim 4969, whofein the second coal formation is located greater 
10 than about 760 m below ground surface. 
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4973. The method of claim 4953, Avherein the fuel cell is a molten carbonate fuel cell. 

4974. The method of claim 4933, wherein the fuel cell is a solid oxide fuel cell. 

4975. The method of claim 4953, further comprising using a portion of the produced 
electricity to power electrical heaters within the formation. 



45 



4976. The method of claim 4953, further comprising using a portion of the produced 
20 pyrolysis products as a feed stream for the fuel cell. 

4977. The method of/claim 4953, wherein the one or more heat sources comprise one or 
more electrical heateys disposed in the formation. 



25 4978. The methoaof claim 4953, wherein the one or more heat sources comprise one or 
more flameless distributor combustors disposed in the formation. 

4979. The method of claim 4978, wherein a portion of fuel for the flameless distributor 
combustors is optained from the formation. 

30 
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4980. The method of claim 4953. wherein the one or more heat sources comprise one or 
more heater wells, wherein at least one heater well comprises a conduit disposed within 
the formation, and further comprising heating the conduit by flowing a hot fluid through 
the conduit. / 

4981 . The method of claim 4953. further composing using a portion of the synthesis gas 
as a combustion fuel for the one or more heat sources. 

4982. A method for producing ammonia using a coal formation, comprising: 
separating air to produce an O2 ricn stream and a N 2 rich stream; 

heating a selected section of the formation to a temperature sufficient to support 
reaction of hydrocarbon material in the formation to form synthesis gas; 

providing synthesis gas generating fluid and at least a portion of the O: rich 
stream to the selected section; / 

allowing the synthesis gas generating fluid and O2 in the 0: rich stream to react 
with at least a portion of the hydrocarbon material in the formation to generate synthesis 
gas; / 

producing s>Tithesis gasirom the formation, wherein the synthesis gas comprises 
H 2 and CO; / 

providing at least a portion of the H 2 in the synthesis gas to an ammonia synthesis 
process; / 

providing N 2 to the/ammonia synthesis process; and 

using the ammonia synthesis process to generate ammonia. 

4983. The method of Jaim 4982 ; wherein the ratio of the H 2 to N 2 provided to the 
ammonia synthesis process is approximately 3:1. 

4984. The method of claim 4982 ; wherein the ratio of the H 2 to N 2 provided to the 
ammonia synthesis process ranges from approximately 2.8:1 to approximately 3.2:1. 
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4985. The method of claim 4982, wherein the temperature sufficient to support reaction 
of hydrocarbon material in the formation "to form synth^is gas ranges from 
approximately 400 °C to approximately 1200 °C. 

4986. The method of claim 4982. further comprising separating at least a portion of 
carbon dioxide in the synthesis gas from at least/a portion of the synthesis gas. 

4987. The method of claim 4986, wherein y\e carbon dioxide is separated from the 
synthesis gas by an amine separator. 

4988. The method of claim 4987, further comprising providing at least a portion of the 
carbon dioxide to a urea synthesis process to produce urea. 

4989. The method of claim 4982, Wnerein at least a portion of the N 2 stream is used to 
condense hydrocarbons with 4 or more carbon atoms from a pyrolyzation fluid. 

4990. The method of claim 4982, wherein at least a portion of the N2 rich stream is 
provided to the ammonia synthesis process. 

4991 . The method of claim 4982, wherein the air is separated by cryogenic distillation. 

4992. The method of claim/4982, wherein the air is separated by membrane separation. 

4993. The method of claim 4982, wherein fluids produced during pyrolysis of a coal 
formation comprise ammonia and, further comprising adding at least a portion of such 
ammonia to the ammonia generated from the ammonia synthesis process. 



4994. The method of claim 4982, wherein fluids produced during pyrolysis of a coal 



formation are hydrotre 
and, further comprising 



ted and at least some ammonia is produced during hydrotreating. 
adding at least a portion of such ammonia to the ammonia 



generated from the am noma synthesis process. 
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4995. The method of claim 4982 ; further comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce urea. 

4996. The method of claim 4982, further comprising providing at least a portion of the 
ammonia to a urea synthesis process to producer urea and, further comprising providing 
carbon dioxide from the formation to the urea synthesis process. 

4997. The method of claim 4982 ; further comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce urea and. further comprising shifting at 
least a portion of the carbon monoxide to carbon dioxide in a shift process, and further 
comprising providing at least a portion of the carbon dioxide from the shift process to the 
urea synthesis process. / 

4998. The method of claim 4982 ; whe/ein heating the selected section of the formation 
to a temperature to support reaction of nydrocarbon material in the formation to form 
synthesis gas comprises: / 

heating zones adjacent to welpores of one or more heat sources with heaters 
disposed in the wellbores, wherein ttte heaters are configured to raise temperatures of the 
zones to temperatures sufficient to support reaction of hydrocarbon material within the 
zones with O2 in the O2 rich streany; 

introducing the O2 to the zpnes substantially by diffusion; 

allowing O2 in the 0 2 rich/stream to react with at least a portion of the 
hydrocarbon material within thesones to produce heat in the zones; and 

transferring heat from the zones to the selected section. 

4999. The method of claim 4998 ; wherein temperatures sufficient to support reaction of 
hydrocarbon within the zones ivith 0 2 range from approximately 200 °C to approximately 
1200 °C. 
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5000. The method of claim 4998, wherein the one or more heat sources comprises one 
or more electrical heaters disposed in the formation. / 

5001 . The method of claim 4998, wherein the one o/ more heat sources comprises one 
5 or more natural distributor combustors. / 

5002. The method of claim 4998. wherein the one or more heat sources comprise one or 
more heater wells, wherein at least one heater well comprises a conduit disposed within 
the formation, and further comprising heating /he conduit by flowing a hot fluid through 

10 the conduit. / 

5003. The method of claim 4998, further Comprising using a portion of the synthesis gas 
as a combustion fuel for the one or more neat sources. 

15 5004. The method of claim 4982, whefrein heating the selected section of the formation 
to a temperature to support reaction of hydrocarbon material in the formation to form 
synthesis gas comprises: / 

introducing the O2 rich streafrn into the formation through a wellbore; 
transporting 0 2 in the 0 2 nth stream substantially by convection into the portion 
20 of the selected section, wherein the portion of the selected section is at a temperature 
sufficient to support an oxidization reaction with O2 in the O2 rich stream; and 

reacting the 0 2 within Me portion of the selected section to generate heat and raise 
the temperature of the portion./ 

25 5005. The method of claim/5005, wherein the temperature sufficient to support an 
oxidization reaction with Oj ranges from approximately 200 °C to approximately 1200 
°C. / 

5006. The method of claim 5005, wherein the one or more heat sources comprises one 
30 or more electrical heaters/disposed in the formation. 
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5007. The method of claim 5005. wherein the one or more Keat sources comprises one 
or more natural distributor combustors. / 

5008. The method of claim 5005, wherein the one o/more heat sources comprise one or 
5 more heater wells, wherein at least one heater well /omprises a conduit disposed within 

the formation, and further comprising heating the/conduit by flowing a hot fluid through 
the conduit. / 

5009. The method of claim 5005, further comprising using a portion of the synthesis gas 
10 as a combustion fuel for the one or more heat sources. 

5010. The method of claim 4982. further comprising controlling the heating of at least 
the portion of the selected section and/pro vision of the synthesis gas generating fluid to 
maintain a temperature within at least the portion of the selected section above the 
temperature sufficient to generate synthesis gas. 

501 1 . The method of claim 4982, wherein the synthesis gas generating fluid comprises 
liquid water. / 

5012. The method of claim A982 s wherein the synthesis gas generating fluid comprises 
steam. / 

501 3. The method of claim 4982 ; wherein the synthesis gas generating fluid comprises 
water and carbon dioxide wherein the carbon dioxide inhibits production of carbon 

25 dioxide from the selected section. 

5014. The method or claim 5013, wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 
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501 5. The method of claim 4982. wherein the synthesis' gas generating fluid comprises 
carbon dioxide, and wherein a portion of the carbon dioxide reacts with carbon in the 
formation to generate carbon monoxide. 

5016. The method of claim 5015. wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 

501 7. The method of claim 4982. wherein providing the synthesis gas generating fluid 
to at least the portion of the selected section comprises raising a water table of the 
formation to allow water to flow into the at least the portion of the selected section. 

5018. A method for producing ammonia using a coal formation, comprising: 
generating a first ammonia feed stream from a first portion of the formation: 
generating a second ammonia feed stream from a second portion of the formation. 

wherein the second ammonia feed streapi has a H 2 to N2 ratio greater than a H: to N: ratio 
of the first ammonia feed stream; 

blending at least a portion of tile first ammonia feed stream with at least a portion 
of the second ammonia feed stream Hp produce a blended ammonia feed stream having a 
selected H2 to N2 ratio; 

providing the blended ammonia feed stream to an ammonia synthesis process; and 

using the ammonia synthesis process to generate ammonia. 

5019. The method of claim 501 81 wherein the selected ratio is approximately 3:1 . 

5020. The method of claim 501 p, wherein the selected ratio ranges from approximately 
2.8:1 to approximately 3.2:1. 



5021 . The method of claim 5018, further comprising separating at least a portion of 
carbon dioxide in the first ammcfnia feed stream from at least a portion of the first 
ammonia feed stream. 
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5022. The method of claim 502 L wherein the carbon dioxrae is separated from the first 
ammonia feed stream by an amine separator. / 

5023. The method of claim 5022; further comprising providing at least a portion of the 
carbon dioxide to a urea synthesis process. / 

5024. The method of claim 501 8. further comprising separating at least a portion of 
carbon dioxide in the blended ammonia feed stream from at least a portion of the blended 
ammonia feed stream. / 

5025. The method of claim 5024 ; wherein the carbon dioxide is separated from the 
blended ammonia feed stream by an amineyseparator. 

5026. The method of claim 5025 ; further comprising providing at least a portion of the 
carbon dioxide to a urea synthesis process 

5027. The method of claim 501 8, fi/rther comprising separating at least a portion of 
carbon dioxide in the second ammonia feed stream from at least a portion of the second 
ammonia feed stream. / 

5028. The method of claim 5027, wherein the carbon dioxide is separated from the 
second ammonia feed stream fcfy an amine separator. 

5029. The method of clainy5028 r further comprising providing at least a portion of the 
carbon dioxide to a urea synthesis process. 

5030. The method of claim 501 8 ; wherein fluids produced during pyrolysis of a coal 
formation comprise ammonia and, further comprising adding at least a portion of such 
ammonia to the ammonia generated from the ammonia synthesis process. 
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503 1 . The method of claim 501 8, wherein fluids produced during pyrolysis of a coal 
formation are hydrotreated and at least some ammonia/is produced during hydrotreating. 
and further comprising adding at least a portion of stjch ammonia to the ammonia 
generated from the ammonia synthesis process. 

5 

5032. The method of claim 5018, further composing providing at least a portion of the 
ammonia to a urea synthesis process to producer urea. 

5033. The method of claim 5018, further comprising providing at least a portion of the 
10 ammonia to a urea synthesis process to produce urea and. further comprising providing 

carbon dioxide from the formation to the u/ea synthesis process. 



yi 



5034. The method of claim 5018, furthefr comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce urea and further comprising shifting at 
1 5 least a portion of carbon monoxide in me blended ammonia feed stream to carbon dioxide 
in a shift process, and further comprising providing at least a portion of the carbon 
dioxide from the shift process to the Area synthesis process. 
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5035. A method for producing amfaonia using a coal formation, comprising: 
20 heating a selected section df the formation to a temperature sufficient to support 

reaction of hydrocarbon material in the formation to form synthesis gas; 

providing a synthesis gas/generating fluid and an 0 2 rich stream to the selected 
section, wherein the amount of N 2 in the 0 2 rich stream is sufficient to generate synthesis 
gas having a selected ratio ofUb to N 2 ; 
25 allowing the synthesis |as generating fluid and 0 2 in the 0 2 rich stream to react 

with at least a portion of the hydrocarbon material in the formation to generate synthesis 
gas having a selected ratio of /H 2 to N 2 ; 

producing the synthesis gas from the formation; 

providing at least a pjbrtion of the H 2 and N 2 in the synthesis gas to an ammonia 
30 synthesis process; 

using the ammonia sjynthesis process to generate ammonia. 
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5036. The method of claim 5035. further comprising controlling a temperature of at 
least a portion of the selected section to generate/synthesis gas having the selected H; to 
N2 ratio. 

5037. The method of claim 5035. wherein/fhe selected ratio is approximately 3:1. 



□ 

m 

0 
m 

Q 

111 
O 



5038. The method of claim 503 5 . wher/in the selected ratio ranges from approximate]} 
2.8:1 to 3.2:1. 

10 

5039. The method of claim 5035, ^herein the temperature sufficient to support reaction 
of hydrocarbon material in the formation to form synthesis gas ranges from 
approximately 400 °C to approximately 1200 °C. 

15 5040. The method of claim 5</35 ; wherein the O2 stream and N 2 stream are obtained by 
cryogenic separation of air. 

5041. The method of claW 5035, wherein the O2 stream and N: stream are obtained by 
membrane separation of air. 



20 



5042. The method of cliim 5035,, further comprising separating at least a portion of 
carbon dioxide in the synthesis gas from at least a portion of the synthesis gas. 



5043. The method of/claim 5042 ; wherein the carbon dioxide is separated from the 
25 synthesis gas by an amine separator. 



5044. The method of claim 5043. further comprising providing at least a portion of the 
carbon dioxide to a/urea synthesis process. 
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5045. The method of claim 5035, wherein fluids produced during pyrolysis of a coal 
formation comprise ammonia and. further comprising adding at least a portion of such 
ammonia to the ammonia generated from the ammonia/synthesis process. 

5 5046. The method of claim 5035, wherein fluids p/oduced during pyrolysis of a coal 
formation are hydrotreated and at least some ammonia is produced during hydrotreating. 
and further comprising adding at least a portion of such ammonia to the ammonia 
generated from the ammonia synthesis process. 

10 5047. The method of claim 5035, further comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce urea. 

5048. The method of claim 5035, further comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce urea and, further comprising providing 

15 carbon dioxide from the formation to the urea synthesis process. 

5049. The method of claim 5035, further comprising providing at least a portion of the 
ammonia to a urea synthesis process to/produce urea and further comprising shifting at 
least a portion of carbon monoxide in /he synthesis gas to carbon dioxide in a shift 

20 process, and further comprising prov/ding at least a portion of the carbon dioxide from 
the shift process to the urea synthesis process. 

5050. The method of claim 5035iwherein heating a selected section of the formation to 
a temperature to support reaction pf hydrocarbon material in the formation to form 

25 synthesis gas comprises: 

heating zones adjacent t<Jwellbores of one or more heat sources with heaters 
disposed in the wellbores, whertin the heaters are configured to raise temperatures of the 
zones to temperatures sufficient to support reaction of hydrocarbon material within the 
zones with O2 in the O2 rich stneam; 

30 introducing the O2 to tme zones substantially by diffusion; 
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allowing O: in the 0: rich stream to react with at least a portion of the 
hydrocarbon material within the zones to produce heat in the zones; and 
transferring heat from the zones to the selected section^ 

505 1 . The method of claim 5050. wherein temperatures sufficient to support reaction of 
hydrocarbon material within the zones with 0 2 range fro$n approximately 200 °C to 
approximately 1200 °C. 

5052. The method of claim 5050, wherein the one $r more heat sources comprises one 
or more electrical heaters disposed in the formation 

5053. The method of claim 5050, wherein the pnc or more heat sources comprises one 
or more natural distributor combustors. 

5054. The method of claim 5050, wherein ihe one or more heat sources comprise one or 
more heater wells, wherein at least one heater well comprises a conduit disposed within 
the formation, and further comprising hefting the conduit by flowing a hot fluid through 
the conduit. 

5055. The method of claim 5050, further comprising using a portion of the synthesis gas 
as a combustion fuel for the one or more heat sources. 



5056. The method of claim 5035/ wherein heating the selected section of the formation 
to a temperature to support reaction of hydrocarbon material in the formation to form 
synthesis gas comprises: 

introducing the 0 2 rich Stream into the formation through a wellbore; 

transporting O2 in the ©2 rich stream substantially by convection into the portion 
of the selected section, wherein the portion of the selected section is at a temperature 
sufficient to support an oxidfeation reaction with O2 in the 0 2 rich stream; and 

reacting the 0 2 withih the portion of the selected section to generate heat and raise 
the temperature of the portion. 
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5057. The method of claim 5056. wherein the temperature sufficient to support an 
oxidization reaction with O2 ranges from approximately 200 °C to approximately 1200 
°C. / 



5058. The method of claim 5056. wherein the ojfie or more heat sources comprises one 
or more electrical heaters disposed in the formation. 

5059. The method of claim 5056, wherein ti/e one or more heat sources comprises one 
or more natural distributor combustors. 

5060. The method of claim 5056. whereifi the one or more heat sources comprise one or 
more heater wells, wherein at least one hpter well comprises a conduit disposed within 
the formation, and further comprising heating the conduit by flowing a hot fluid through 
the conduit. 

5061 . The method of claim 5056 ; fu/ther comprising using a portion of the synthesis gas 
as a combustion fuel for the one or more heat sources. 

5062. The method of claim 5035 ; further comprising controlling the heating of at least 
the portion of the selected section and provision of the synthesis gas generating fluid to 
maintain a temperature within at least the portion of the selected section above the 
temperature sufficient to generate synthesis gas. 

5063. The method of claim 50p r wherein the synthesis gas generating fluid comprises 
liquid water. 



5064. The method of claim 5 
steam. 



135. wherein the synthesis gas generating fluid comprises 
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5065. The method of claim 5035. wherein the synthesis las generating fluid comprises 
water and carbon dioxide, wherein the carbon dioxide ijmibits production of carbon 
dioxide from the selected section. 

5 5066. The method of claim 5065, wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbonyaioxide removed from the formation. 



10 



5067. The method of claim 5035, wherein ttte synthesis gas generating fluid comprises 
carbon dioxide, and wherein a portion of ihp carbon dioxide reacts with carbon in the 
formation to generate carbon monoxide. 
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5068. The method of claim 5067, whe/ein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 

15 5069. The method of claim 5035, wherein providing the synthesis gas generating fluid 
to at least the portion of the selected section comprises raising a water table of the 
formation to allow water to flow ihto the at least the portion of the selected section. 

5070. A method for producing/ammonia using a coal formation, comprising: 
20 providing a first stream/comprising N2 and carbon dioxide to the formation; 

allowing at least a portion of the carbon dioxide in the first stream to adsorb in the 
formation; 

producing a second stream from the formation, wherein the second stream 
comprises a lower percentage of carbon dioxide than the first stream; 
25 providing at least abortion of the N2 in the second stream to an ammonia 

synthesis process. 
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5071 . The method of cl^im 5070, wherein the second stream comprises H: from the 
formation. 
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5072. The method of claim 5070. wherein the first stream is produced from the coal 
formation. / 

5073. The method of claim 5072. wherein the first stream/is generated by reacting a 
oxidizing fluid with hydrocarbon material in the formation. 

5074. The method of claim 5070. wherein the second stream comprises H: from the 
formation and. further comprising providing such H^to the ammonia synthesis process. 

5075. The method of claim 5070. further comprising using the ammonia synthesis 
process to generate ammonia. / 

5076. The method of claim 5075, wherein iluids produced during pyrolysis of a coal 
formation comprise ammonia and. ftirtherycomprising adding at least a portion of such 
ammonia to the ammonia generated frony the ammonia synthesis process. 

5077. The method of claim 5075 ; wherein fluids produced during pyrolysis of a coal 
formation are hydrotreated and at least some ammonia is produced during hydrotreating, 
and further comprising adding at lept a portion of such ammonia to the ammonia 
generated from the ammonia synthesis process. 

5078. The method of claim 5075. further comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce urea. 

5079. The method of claim 5075, further comprising providing at least a portion of the 
ammonia to a urea synthesis/process to produce urea and. further comprising providing 
carbon dioxide from the formation to the urea synthesis process. 

5080. The method of claipi 5075 ; further comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce urea and further comprising shifting at 
least a portion of carbon monoxide in the synthesis gas to carbon dioxide in a shift 
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process, and further comprising providing at least a poj?uon of the carbon dioxide from 
the shift process to the urea synthesis process. 
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508 1 . A method for treating hydrocarbons in at /east a portion of a coal formation. 
5 wherein the portion has an average permeability of less than about 10 millidarcv. 

comprising: 

providing heat from one or more hegft sources to the formation; 

allowing the heat to transfer from rfie one or more heat sources to a selected 
section of the formation such that heat from the heat sources pyrolyzes at least some 
10 hydrocarbons within the selected section, and wherein heat from the heat sources 
increases the permeability of at least a portion of the selected section; and 

producing a mixture comprising hydrocarbons from the formation. 

5082. The method of claim 508 V. wherein the one or more heat sources comprise at 
1 5 least two heat sources, and wherein superposition of heat from at least the two heat 

sources pyrolyzes at least soma hydrocarbons within the selected section of the 
formation, and wherein superposition of heat from at least the two heat sources increases 
the permeability of at least tne portion of the selected section. ■ 

20 5083. The method of claifn 508 1 s further comprising allowing heat to transfer from at 
least one of the one or more heat sources to the selected section to create thermal 
fractures in the formation wherein the thermal fractures substantially increase the 
permeability of the selected section. 



5084. The method of claim 508 L wherein the heat is provided such that an average 
temperature in the sheeted section ranges from approximately about 270 °C to about 400 
°C. 
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5085. The method of claim 508 1 , wherein at least one of the one or more heat sources 
comprises an elecmcal heater located in the formation. 



935 



Conle\. Rose & Tayon. P C 



5086. The method of claim 508 1 . wherein at least one of .the one or more heat sources is 
located in a heater well, and wherein at least one of me heater wells comprises a conduit 
located in the formation, and further comprising locating the conduit by flowing a hot 
fluid through the conduit. 

5087. The method of claim 5081 . wherein /t least some of the heat sources are arranged 
in a triangular pattern. 

5088. The method of claim 508 1 . further comprising; 
monitoring a composition of the produced mixture; and 
controlling a pressure in at least a portion of the formation to control the 

composition of the produced mixtures 

5089. The method of claim 5088. wherein the pressure is controlled by a valve 
proximate to a location where the mixture is produced. 



5090. The method of claim 5088, wherein the pressure is controlled such that pressure 
proximate to the one or more heat sources is greater than a pressure proximate to a 
location where the fluid is produced. 

5091 . A method for treating hydrocarbons in at least a portion of a coal formation, 
wherein the portion has an ^erage permeability of less than about 10 millidarcy. 
comprising: 

providing heat fron4 one or more heat sources to the formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation such that heat from the one or more heat sources pyrolyzes at 
least some hydrocarbons/within the selected section, and wherein heat from the one or 
more heat sources vapoiyzes at least a portion of the hydrocarbons in the selected section: 
and 

producing a mi)^ture comprising hydrocarbons from the formation. 
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5092. The method of claim 5091 . wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heayfrom at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation, and wherein superposition of heat from at least the two heat sources vaporizes 
at least the portion of the hydrocarbons in the selectea section. 

5093. The method of claim 5091 . further comprising allowing heat to transfer from at 
least one of the one or more heat sources to the selected section to create thermal 
fractures in the formation, wherein the thermal fractures substantially increase the 
permeability of the selected section. / 

5094. The method of claim 5091 . wherein the heat is provided such that an average 
temperature in the selected section ranges from approximately about 270 °C to about 400 
°C. / 

5095. The method of claim 5091 . wherein at least one of the one or more heat sources 
comprises an electrical heater located in tne formation. 

5096. The method of claim 509 1 . where/in at least one of the one or more heat sources is 
located in a heater well, and wherein at least one of the heater wells comprises a conduit 
located in the formation, and further comprising heating the conduit by flowing a hot 
fluid through the conduit. / 

5097. The method of claim 5091 , wherein at least some of the heat sources are arranged 
in a triangular pattern. 

5098. The method of claim 5091, fuither comprising: 
monitoring a composition of t le produced mixture; and 

controlling a pressure in at least a portion of the formation to control the composition of 
the produced mixture. 
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5099. The method of claim 5098, wherein the pressure /s controlled by a valve 
proximate to a location where the mixture is produced/ 

5 1 00. The method of claim 5098, wherein the pressure is controlled such that pressure 
proximate to the one or more heat sources is greater than a pressure proximate to a 
location where the mixture is produced. 
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5101. A method for treating hydrocarbons in/at least a portion of a coal formation, 
wherein the portion has an average permeability of less than about 10 millidarcy. 
10 comprising: 

providing heat from one or more hekt sources to the formation wherein at least 
one of the one or more heat sources is loc&ted in a heater well; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation such that heat from the heat sources pyrolyzes at least some 
15 hydrocarbons within the selected section, and wherein heat from the heat sources 
pressurizes at least a portion of the selected section; and 

producing a mixture comprising hydrocarbons from the formation, wherein the 
mixture is produced from one or more of the heater sources. 

20 5 1 02. The method of claim 5101/ wherein the one or more heat sources comprise at 
least two heat sources, and wherdin superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 



5103. The method of claim 5 J 0 1 . further comprising producing fluid from at least one 
of the one or more heat source 
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5 1 04. The method of claim 6101, further comprising allowing heat to transfer from at 
least one of the one or more heat sources to the selected section to create thermal 
fractures in the formation, wjherein the thermal fractures substantially increase the 
permeability of the selected section. 



v 
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5105. The method of claim 510L wherein the heat is provided such that an average 
temperature in the selected section ranges from approximately about 270 °C to about 400 
°C / 

5 1 06. The method of claim 5 1 0L wherein at least one of the one or more heat sources 
comprises an electrical heater located in the formation. 

5107. The method of claim 5101. wherein at least one of the one or more heat sources is 
10 located in a heater well, and wherein at least one of the heater wells comprises a conduit 

located in the formation and further comprising heating the conduit by flowing a hot 
^ fluid through the conduit. / 

*H 5 1 08. The method of claim 51 0L whertfin at least some of the heat sources are arranged 

M 15 in a triangular pattern. / 

^ 5 1 09. The method of claim 5101. further comprising: 

B J 

p monitoring a composition of the produced mixture; and 

j! controlling a pressure in atdeast a portion of the formation to control the 

I M / 
sE 20 composition of the produced mixcure. 

5110. The method of claim 5 y09 r wherein the pressure is controlled by a valve 
proximate to a location where/the mixture is produced. 

25 511 1. The method of clainy 5109, wherein the pressure is controlled such that pressure 
proximate to the one or more heat sources is greater than a pressure proximate to a 
location where the mixture is produced. 



939 



Conlev Rose& Tayon. P C 



10 



Low Heat Zone and Pyrolysis Zone 

5112. A method for treating hydrocarbons in at least a portion of a coal formation, 
wherein the portion has an average permeability of less ^nan about 10 millidarcy. 
comprising: 

providing heat from one or more heat sources/to the formation; 

allowing the heat to transfer from the one oymore heat sources to a selected first 
section of the formation such that heat from the heat sources creates a pyrolysis zone 
wherein at least some hydrocarbons are pyrolyzefl within the first selected section, and 
allowing the heat to transfer from the one or more heat sources to a selected second 
section of the formation such that heat from the heat sources heats at least some 
hydrocarbons within the selected second sect/on to a temperature less than the average 
temperature within the pyrolysis zone; and 

producing a mixture comprising hydrocarbons from the formation. 



n 



15 5113. The method of claim 5112, wherefin the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from the at least two heat 
sources pyrolyzes at least some hydrocarbons within the selected first section of the 
formation, and wherein superposition fof heat from the at least two heat sources heats at 
least some hydrocarbons within the selected second section to a temperature less than the 

20 average temperature within the pyraflysis zone. 

5114. The method of claim 5112/ wherein at least some heated hydrocarbons within the 
selected second section flow into /the pyrolysis zone. 

25 51 15. The method of claim 5112. wherein the heat decreases the viscosity of at least 
some of the hvdrocarbons in the selected second section. 
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5116. The method of claim 51 1 2. further comprising allowing heat to transfer from at 
least one of the one or more neat sources to the selected first section to create thermal 
fractures in the formation, wl&erein the thermal fractures substantially increase the 



permeability* of the selected 



irst section. 
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5117. The method of claim 5112, further comprising allowing heat to transfer from at 
least one of the one or more heat sources to the selected second section to create thermal 
fractures in the formation, wherein the thermal fractures' substantially increase the 

5 permeability of the selected second section. / 

5118. The method of claim 5112, wherein the heait is provided such that an average 
temperature in the selected first section ranges fram approximately about 270 °C to about 
400 °C. 

10 

5119. The method of claim 5112. wherein 
temperature in the selected second section n 

5 about 250 °C. / 

yj / 

J 15 5120. The method of claim 5112, where/in a viscosity of at least some of the 
O hydrocarbons in the selected second section ranges from approximately about 20 

y, centipoise to about 1000 centipoise. / 

si / 

o / 

jE 5121. The method of claim 5112, wherein at least one of the one or more heat sources 

^ 20 comprises an electrical heater located in the formation. 

fi / 

^ 5 1 22. The method of claim 5112/ wherein at least one of the one or more heat sources is 

located in a heater well and wherein at least one of the heater wells comprises a conduit 
located in the formation, and Wher comprising heating the conduit by flowing a hot 
25 fluid through the conduit. / 

5123. The method of claim 5(1 1 2 ; further comprising: 

monitoring a composition of the produced mixture; and 
controlling a pressurelin at least a portion of the formation to control the 
30 composition of the produced (mixture. 



Se heat is provided such that an average 
iges from approximately about 1 80 °C to 
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5124. The method of claim 5123. wherein the pressure is control^ by a valve 
proximate to a location where the mixture is produced. 

5125. The method of claim 5123. wherein the pressure is controlled such that pressure 
5 proximate to the one or more heat sources is greater than a {pressure proximate to a 

location where the fluid is produced. 



10 
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5126. The method of claim 5122, wherein the pressurtfin the selected second section is 
substantially greater than the pressure in the selected first section. 

5127. The method of claim 5112, wherein at least /ome of the heat sources are arranged 
in a triangular pattern. 

5128. The method of claim 5112. wherein an average distance between heat sources in 
the selected first section is less than an averagqf distance between heat sources in the 
selected second section. 

5 1 29. The method of claim 5112, wherein/the heat is provided to the selected first 
section before heat is provided to the selected second section. 

5130. The method of claim 5112, whe/ein the selected first section comprises at least 
one production well. 



5131. The method of claim 5112, ^herein the selected first section comprises a planar 
25 region. 

5132. The method of claim 511:/, wherein at least one row of the heat sources provides 
heat to the planar region. 



30 5133. The method of claim 5 112, wherein at least one ring comprising the heat sources 
provides heat to the selected first section. 
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5134. The method of claim 5133. wherein at least one ring comprising the heat sources 
provides heat to the selected second section. / 

5135. The method of claim 5133, wherein the ring comprises a polygon. 

5136. The method of claim 5133, wherein the ring comprises a regular polygon. 

5137. The method of claim 5133, wherein the ring comprises a hexagon. 

5138. The method of claim 5133, wherein the ring comprises a triangle. 

5139. A method for treating hydrocarbons ip at least a portion of a coal formation, 
wherein the portion has an average permeability of less than about 10 millidarcy. 
comprising: / 

providing heat from three or morer heat sources to the formation; 

allowing the heat to transfer from three or more of the heat sources to a selected 
section of the formation such that heat pom the heat sources pyrolyzes at least some 
hydrocarbons within the selected sect/on, and at least three of the heat sources are 
arranged in a substantially triangulay pattern; and 

producing a mixture comprising hydrocarbons from the formation. 

5 1 40. The method of claim 5139, wherein superposition of heat from at least the three 
heat sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. / 

5141. The method of claim 51 3 9, wherein the mixture is produced from a production 
well located in a triangular region created by at least three heat sources. 

5 142. The method of claii* 5 1 39, further comprising allowing heat to transfer from at 
least one of the one or more heat sources to the selected section to create thermal 
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fractures in the formation, wherein the thermal fractures substantially increase the 
permeability of the selected section. / 



5143. The method of claim 5139. wherein th^heat is provided such that an average 
temperature in the selected section ranges ham approximately about 270 °C to "about 400 



5144. The method of claim 5139. wh/rein at least one of the one or more heat sources 
comprises a electrical heater located In the formation. 

5145. The method of claim 5139, wherein at least one of the one or more heat sources is 
located in a heater well, and wherein at least one of the heater wells comprises a conduit 
located in the formation, and rarther comprising heating the conduit by flowing a hot 
fluid through the conduit. / 

5 1 46. The method of claftm 5139, wherein at least some of the heat sources are arranged 
in a triangular pattern. / 

5147. The method of claim 5139, further comprising: 
monitoring a/composition of the produced mixture; and 

controlling a pressure in at least a portion of the formation to control the 
composition of the produced mixture. 

5 148. The metfiod of claim 5 1 47, wherein the pressure is controlled by a valve 
proximate to a location where the mixture is produced. 

5 149. The Method of claim 5147, wherein the pressure is controlled such that pressure 
proximate td the one or more heat sources is greater than a pressure proximate to a 
location where the fluid is produced. 
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